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Preface 


The International Symposium on "The Use of Space by Animals and 
Men," sponsored by the Animal Behavior Society, took place at the 
135th Annual Meeting of the AAAS in Dallas, Texas, on December 29-31, 
1968. This book presents the text of all papers and edited discus- 
sions , as well as the contributions made by several individuals who 
were unable to attend the Symposium. 

The idea of holding Che S 5 rmposium evolved following my presenta- 
tion of a paper to the Animal Behavior Society in 1965 [2] on the use 
of space by psychiatric patients. Members in attendance at that ses- 
sion, chaired by G. Gottlieb, shared his interest in my compilation 
of human data presented in a measurable spatial context. This plea- 
sant experience persuaded me chat a discussion of space might be 
shared as a frame of reference which could open avenues of communica- 
tion between behavioral scientists, the design community, and the de- 
cision makers in our society. 

Conceptual dichotomies in the study of behavior give rise to 
many interpretational difficulties and misunderstandings between bio- 
logical, psychological and sociological disciplines. The science and 
technology of human life is not enhanced by narrow conceptualizations 
such as animal vs. human behavior, naturalistic observation vs. labo- 
ratory experiment, or innate mechanism vs. learned adaptation. At- 
tempts are made regularly to reconcile these dichotomies with compre- 
hensive theories intended to provide generally acceptable frameworks 
for productive communication. I tried to bypass discussion of dichoto- 
mies bv establishing a setting that would encourage a mutual willing- 
ness among the investigators to listen to each other. The Symposium 
would be a "neutral" ground with appeal to representatives of factions 
who ordinarily would have little opportunity to meet for an open ex- 
change of ideas. The use we make of the space we live in provides us 
with an ns yet uncontested ground full of common. Implicitly recog- 
nized but ill-defined problems in which scientists of all disciplines 
feel a keen involvement. 

This proved to be the case. With very few exceptions, the sci- 
entists who had been invited were In agrecnent with the format and 
expressed a willingness to participate. The participants selected 
were chosen prlmaril> for their firsthand research experience with 
projects involving spatial behavioral parameters. Other bases of 
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cussions presented during Sessions 3 and 5 added further material and 
highlighted again the need of an interdisciplinary interpretation of 
such social factors as density and crowding. Although man's cultural 
history has dealt, in some manner, with the various aspects of these 
problems, it must be emphasized that the technical solutions at our 
disposal to date are completely unsatisfactory; man must find radical- 
ly different ways of relating to physical and conceptual space. 

In the third place, much time was spent discussing the manner 
in which animals and man overcome spatial constraints or use the en- 
vironment itself in communication. E.T, Hall and I, Eibl-Eibesfeldt 
provided, in their discussions, new insights into the heritage of hu- 
man understanding, at the group level as well as at the individual 
level. It is important to know how man can use available information 
in seeking new avenues toward the compassionate understanding of his 
fellow man. Methodological prejudice in this specific area not only 
acts to the detriment of the scientific disciplines involved, but di- 
rectly affects man's relation to man . 

It may be said, in conclusion, that the Symposium increased our 
Interest in methodology; stress was placed on the importance of ap- 
plying newly available techniques for data collection and analysis, 
and in adopting approaches recently introduced in other disciplines. 
Investigators, such as J.R. Tester, D.B. Siniff and C.R, Jensen dis- 
cussed electronic data processing applied to the animal's use of 
space. Other important innovations, particularly techniques for the 
notoriously difficult observations of man, were represented in the 
photographic techniques of R,E, Herron, E.T, Hall and I, Eibl-Eibes- 
feldt; and the observation methods discussed by I, Altman and R. Som- 
mer. 


The ultimate importance of the Symposium is achieved in the 
actual meeting of the minds on this Important issue and the realiza- 
tion that a parochial approach no longer satisfies the requirements 
for an understanding of behavior. An Immediate outcome of the mutual 
interactions which entered into play at the Symposium is to be found 
in the correspondence between K.R. Barbehenn and P. Leyhausen, which 
began immediately after the meetings and is published here. We look 
forward to more of these dialogues, since so many participants dis- 
covered, to their amazement and pleasure, that they got along well 
with each other. This was beyond expectation and it augurs well for 
future multidisciplinary meetings. 

The travel and maintenance of the foreign participants of the 
Symposium was made possible by the generous contributions of my 
friend Dr. M. Thorner, the Sobering Corporation of Bloomfield, New 
Jersey, the Population Council and the Psychiatric Research Founda- 
tion, both of New York, Miss Ellen Samson has been of great help 
throughout all the phases of this Symposium. The administrative as- 
sistance of the Animal Behavior Society and the American Association 
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cf.iHv ob-iectlves, scientific disciplines and geo- 

s,™.. 

r“S ...... 

and cultural influences 131. 

It was fully recognized that the Symposium would be merely an 
Initial chapter In the discussions on the myriad aspects of the use 
of space. It was believed impossible to Include topics such as the 
nature of the experience of apace or its relation with time; the hu- 
man transaction Involved in the symbolic representations of space; 
the occupation oi space by species ocher than birds and mammals; ana 
a host of various other considerations, 

Sone Inroads have been made into the study of the use of space 
and certain ditectiotvs of research ate now visible. In the first 
place, the ncetlngs have emphasized the multidisciplinary character 
of this Investigation and the necessity for consciously choosing 
this approach. The contributions by J,b. Calhoun and A.H. Esser 
plead for an integration of findings from many scientific areas. It 
is becoming clear that ve are witnessing the emergence of a social 
biology which has, In effect, a behavioral systems approach. Its 
growth Is spurred ptedonlnantly by data which, in past decades, were 
within the domain of either ethology, ecology, or social psychology. 
Social biology can now be said to deal with the evolutionary processes 
of group-living animals. J.B. Calhoun stresses the role that space 
plays In determining the manners of group-living individuals; a par- 
ticularly striking and mysterious example of this process is demon- 
strated in his experiments In which the initial number of animals 
Inhabiting a place determines the final number of animals living when 
the population reaches equillbrlun. The test postulating a group 
toxicity effect (differing reactions noted when a drug is administered 
to an anlaal living alone or In a group (!]) illustrates another mys- 
terious property of group living. These seemingly unrelated facts 
cay bccoce organized into a concept which is able to explain why liv- 
ing in groups Is advantageous to the evolution of many species, in- 
cluding man. In his lecture in the rrontiers of Science series J B 
Calhoun Ulumlnotod tho Important ancillary roles of many dlsciplineB 
In convtructlne this concept, a major stratesy of Life. In point of 
fact, the multldUcIplinaty discussions during the Symposium proved 
that man> previous restrictive uses of such concepts as territoriality 
and dominance ate obsolete. For Instance, the contributions of P. ley 
hausen, f. McBride and V.C. Hynne-Edwards lead from these immediately 
Msihlc co-ponenca to an ultimate system structuring our life. ^ 

in the second plooe. nn Important oonttlbutlon to the meeting 
centered around the derrllne nts in th« auaUfv mC , 

the constraints of the environment. K. 'i5Jjrlt*Tl':^£|^'’much'*'^ 
n-v^.xpetl-ental_lnfomatlo„ on the blologlcaTeff ects resnltlng from 
Supplementary reports and the dls- 


different population densities. 
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The Importance of Defining 
Spatial Behavioral Parameters 


Aristide H. Esser 


ABSTRACT^ Viewed in the contexts of space and timSf att animal be- 
havioT is inconspicuous; foi* only the young or diseased specimens of 
a species exhibit less than perfect adaptation to theiv physical en- 
vironment, Our growing awareness of complex spatial relationships 
among obdects, together with our perception of these relationships, 
enables us to determine the role they play in our lives. 

Most complex relationships are unconsciously determined patterns 
of action. But the emergence of Mind manifests itself in that pre- 
cise moment when the structure of these relationships is recognized 
and primary reality is transformed into experienced reality. In the 
beginning of man's evolution, this transformation was accomplished 
exclusively through real movements. Later with the vertebrate stage 
of development, imagined or "virtual" movements were able to replace 
the actual acts. Of course, movement, as an objective given of our 
world, can only exist in perceptible space. It must be understood 
that perceptible space differs from species to species, from indivi- 
dual to individual. 

If we were to study the experience of space in humans only, we 
would have no hope of arriving at essentials; for with tiind, all ac- 
tions stem frcmi mental images (either images of feelings [qualities] 
or of space-time relationships) . More crucially, our mental images 
are indirect expressions of the realities which gave rise to then. 

In addition, mental images are altered; they become stereotyped dur- 
ing maturation. The essentials of spatial experience can only be un- 
derstood by studying their antecedent history. This Sifyosium is to 
put into perspective our present knowledge of t)ie evolution of animat 
perception of and reaction to space, in the hope of gaining aaceca to 
those proaescco essential to our imagery, 

1 
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animals can experience space without actually doing something in it, 
(e.g., traversing it). 

Lorenz tells a remarkable story about tbe so-called path-habit 
in k ing Solomon's Ring [6]. He watched young shrews explore their 
caged Lvironment, dating back to their familiar home periodical- 
ly to make sure they knew how to get there when necessary. They did 
tWs not by going straight Into the door hut by jumping on the roof, 
falling over and scurrying up through the opening; just as ^ ^ 

done tL first time they ran "home." And they contrived to do so 
even after each animal knew its surroundings 

the shrew's memory of the spatial relations experienced time^ 

it made its first successful retreat can be responsible for this be 
havlor. This memory is the recognition of the 

through exact reproduction of the -q"ential movemen patterns^^^^^_ 
in the past had dealt successfully with this reaii y / ^ 

lytic terms, we can attribute this early m^ory^to what.-^oa 

rize“t;rcLrg;s"?rris"environment caused by his motor actions. 

Human memory has grown millennia sequential 

on direct motor images. Mind ^erged f p2ocLs 

instinctive motor actions was broken because 

of experiencing. Experience remains a ^acLtly 

so much of it relies on unconscious anrheLe 

summarized why the particulars of muc o ^ ^ Polanyi calls 

our knowledge, are as yet tSt know- 

thls knowledge, which cannot be reduced to 

ledge, and he doubts that man will ever be able to particularize l 

[7]! This scientifically unfortunate fact^may^be^the^^essence^^^^^ 

being: if our mind uses the substr .gj-ticular substrate func- 

how are we to perceive and analyze this p 

tion? 

, 1 j e-vifif- TTi the development of the human in- 

Piaget has remarked that, active manipulation 

fant, the concept of space has become a per- 

of objects in near space. “ Incorpor^ed - can Che Infant 

ceptual part of the self - has been ^ n>,iects [41. The theory 

construct objective, spatial , j 3 to the mind as well as 

that ontogeny recapitulates hr^po^tLce of our capa- 

to the brain. Rothschild has “"‘>=*^1 movements with that of vlr- 
city to Influence the experience counterparts of this 

tual movements by pointing out the evolution of our 

capacity in our central nervous Chelr connec- 

brain reflects the evolution of ou 4 mnnrtant to our perception 

tions, especially in the visual sphere^o^lm^pcrtant^to^ou^^p^^j^^ 

of space. And this ''ppsclty for i | ^mediately 

and man to represent, ohJ evolved in the experlenc- 

perceptlble space. More important y. Immediate 

ing of time the capacity to control his reaction 
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All manifestations of life are detemined by their locale. When 
this relationship is not apparent In their present forms, it should 
become apparent in their development. Implicitly, Man has always 
known this manner of Nature; but it took a Darwin to interpret that 
the inter-island differences of the individual Galapagos finches was 
due to natural selection, thereby creating one of the cornerstones 
of the theory of evolution [3], 


We now also understand that the evolution of social behavior in 
different locales contributes to the chances of survival of groups. 

In 1922, Carr-Saunders described the principle of the optimum number 
in relation to habitat resources in the case of human populations [2], 
W:^ne-Edwards has made a general case for this principle in Animal 
Dispersion in Relation to S ocial Behavior , compellingly summarizing 
evidence that strict localization and adherence to conventional so- 
cial behavior patterns is advantageous to group selection [11], We 
n therefore say that space as environment molds life. But, it is 
S«ce the place in which It develops. 

abstract vacuun, separatlne 

our scientific and technical tMnki™^' 

part of the manifestation of Iff! r ‘ space, as place, Is 

As such, space beccmes pare of maniftaSirSledre' 

therefore. Its local”L!lltlon'’a!d"" '*'* his environment. 

In nature. Hlth man, however th! i® inconspicuous 

ous, and. In the comparative^ shorf*!f°* become consplcu- 

Irrevoeably altered hla orielLi*^!!! evolution, he has 

cess of Incorporating space and^th! !!*^ environment. The human pro- 
make man s domination of the earth therein has helped to 

rscare-riH eSL-r Mr?-tLrs 

of the Incorporated, 

These basic orde!L! telations. date 'ef lections of order 

teaching and i?"j!®Jf"tiples „£ beh^vi" a,! " f = ‘ = >5' ' 

physical context Sf! changes which culture ®"'’“"5=ted by the far- 
soon. as will be df. ^ ““areness has come onl ^ tausing In our blo- 
bs discussed in the othe!^! recently and none too 

“hen 1 tried to r ° Symposium, 

break the bonds of locale^ steps bv whi ^ 

to the peculiar dcvelon! tesouries “hi® to 

conscious experienro e mental in ^ was drawn 

oovements re llc:!"^ S 

''--tsonlylu-tebSSuMld.^^tmagined^ 
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animals can experience space without actually doing something in it, 
(e.g., traversing it), 

Lorenz tells a remarkable story about the so-called path-habit 
in King Solomon’s Ring [6], He watched young shrews explore their 
caged environment, dashing back to their familiar "home” periodical- 
ly to make sure they knew how to get there when necessary. They did 
this not by going straight into the door but by jumping on the roof, 
falling over and scurrying up through the opening; just as they had 
done the first time they ran "home," And they contrived to do so 
even after each animal knew its surroundings perfectly well. Only 
the shrew’s memory of the spatial relations experienced at the time 
it made its first successful retreat can be responsible for this be- 
havior. This memory is the recognition of the structure of reality 
through exact reproduction of the sequential movement patterns which 
in the past had dealt successfully with this reality. In psychoana- 
lytic terms, we can attribute this early memory to what is called 
reality-testing, appearing for the first time when the infant recog- 
nizes the changes in his environment caused by his motor actions. 

Human memory has grown millennia beyond this stage of reliance 
on direct motor images. Mind emerged when the rigidity of sequential 
Instinctive motor actions was broken up, bit by bit, in the process 
of experiencing. Experience remains a mysterious faculty, because 
so much of it relies on unconscious perception, Polanyl recently 
summarized why the particulars of much of our perception, and hence 
our knowledge, are as yet inaccessible to analysis. Polanyi calls 
this knowledge, which cannot be reduced to specifics, tacit know- 
ledge, and he doubts that man will ever be able to particularize it 
[7], This scientifically unfortunate fact may be the essence of our 
being: if our mind uses the substrate of our brain to experience, 
how are we to perceive and analyze this particular substrate func- 
tion? 


Piaget has remarked that, in the development of the human in- 
fant, the concept of unitary space begins as an active manipulation 
of objects in near space. Only after near space has become a per- 
ceptual part of the self - has been incorporated - can the infant 
construct objective, spatial relations among objects [4], The theory 
that ontogeny recapitulates pbylogeny applies to the mind as well as 
to the brain. Rothschild has underlined the importance of our capa- 
city to influence the experience of real movements with that of vir- 
tual movements by pointing out the structural counterparts of this 
capacity in our central nervous system [8], The evolution of our 
brain reflects the evolution of our mental images and their connec- 
tions, especially in the visual sphere so important to our perception 
of space. And this capacity for Imagery enabled the higher animals 
and man to represent, mentally, object relations in the immediately 
perceptible space. More importantly, man evolved in Che experienc- 
ing of time the capacity to control his reactions to Che immediate 
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All manifestations of life are determined by their locale. %en 
this relationship is not apparent in their present forms, it should 
become apparent an their development. Implicitly, Man has always 
known this manner of Nature; but it took a Darwin to interpret that 
the inter-island differences of the individual Galapagos finches was 
due to natural selection, thereby creating one of the cornerstones 
of the theory of evolution [3}, 


We now also understand that the evolution of social behavior in 
different locales contributes to the chances of sun-’iv’al of groups. 

In 1922, Carr-Saunders described the principle of the optimum number 
in relation to habitat resources in the case of human populations [2], 
Wynne-Edwards has made a general case for this principle in Animal 
Dispersion in Relation to Social Behavior , compellingly summarizing 
evidence that strict localization and adherence to conventional so- 
cial behavior patterns is advantageous to group selection [11], We 
can therefore say that space as environment molds life. But, it is 
equally true that life influences the place in which it develops. 
Space, here, becomes place. This quality of life is just beginning 
to be discerned; i.e,, that for the living being, space is not the 
abstract vacuum, separating objects, as it is considered In much of 
our scientific and technical thinking. Rather space, as place, is 
part of the manifestation of life (as an internalized action in man). 
As such, space becomes pert of man's tacit knowledge. 


A perfect harmony exists between the animal and his environment; 
therefore, its local evolution and its use of space is inconspicuous 
In nature. With man, however, the use of space has become conspicu- 
ous, and, in the comparatively short time of his evolution, he has 
irrevocably altered his original natural environment. The human pro- 
cess of Incorporating space and the objects therein has helped to 
make man's domination of the earth possible. (The implications of 
this continuing process will be discussed by Calhoun in his Frontiers 
of Science Lecture [1]). 


In human evolution, the collective memory of the Incorporated, 
and thus imagined spatial relations, with the additional dimension 
of language, is responsible for most of our behavior. The first 
systematic studies of territory and peck-order, reflections of order 
In imagined object and space relations, date from the 1920 's [5,9}. 
These basic ordering principles of behavior are endangered by the far- 
reaching and irrevocable changes which culture is causing xn our bio- 
physical cmteKt. This awareness has come only recently and none too 
soon, as will be disenssed in the other sessions of this Symposium. 

hreak"^S able to 

to the necuiiar a resources, my attention was drawn 

rLscLH evoer, whith allow US the 

conscious experience of space. According to Rothschild jmaElncd 
movements replaced actual acts only r„ «rtehrSs [JiroSfSeL 
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animals can experience space without actually doing something in it, 
(e.g., traversing it). 

Lorenz tells a remarkable story about the so-called path-habit 
in King Solomon’s Ring [6] . He watched young shrews explore their 
caged environment, dashing back to their familiar "home" periodical- 
ly to make sure they knew how to get there when necessary. They did 
this not by going straight into the door but by jumping on the roof, 
falling over and scurrying up through the opening; just as they had 
done the first time they ran "home," And they contrived to do so 
even after each animal knew its surroundings perfectly well. Only 
the shrew's memory of the spatial relations experienced at the time 
it made its first successful retreat can be responsible for this be- 
havior, This memory is the recognition of the structure of reality 
through exact reproduction of the sequential movement patterns which 
in the past had dealt successfully with this reality. In psychoana- 
lytic terms, we can attribute this early memory to what is called 
reality- testing, appearing for the first time when the infant recog- 
nizes the changes in his environment caused by his motor actions. 

Human memory has grown millennia beyond this stage of reliance 
on direct motor images. Mind emerged when the rigidity of sequential 
Instinctive motor actions was broken up, bit by bit, in the process 
of experiencing. Experience remains a mysterious faculty, because 
so much of it relies on unconscious perception. Polanyi recently 
surfimarized why the particulars of much of our perception, and hence 
our knowledge, are as yet inaccessible to analysis. Polanyi calls 
this knowledge, which cannot be reduced to specifics, tacit know- 
ledge, and he doubts that man will ever be able to particularize it 
[7], This scientifically unfortunate fact may be the essence of our 
being: if our mind uses the substrate of our brain to experience, 
how are we to perceive and analyze this particular substrate func- 
tion? 


Piaget has remarked that, in the development of the human in- 
fant, the concept of unitary space begins as an active manipulation 
of objects in near space. Only after near space has become a per- 
ceptual part of the self - has been incorporated - can the infant 
construct objective, spatial relations among objects 14], The theory 
that ontogeny recapitulates phylogeny applies to the mind as well as 
to the brain. Rothschild has underlined the importance of our capa- 
city to influence the experience of real movements with that of vir- 
tual movements by pointing out the structural counterparts of this 
capacity in our central nervous system (8], The evolution of our 
brain reflects the evolution of our mental images and their connec- 
tions, especially in the visual sphere so important to our perception 
of space. And this capacity for Imagery enabled the higher animals 
and nan to represent, mentally, object relations in Che Immediately 
perceptible space. More importantly, man evolved In the experienc- 
ing of tine the capacity to control his reactions to the immediate 
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environment. Finally, the combined space-time imagery enables man 
to conceptualize abstractly and to shed Che environmental control of 
his actions by sequential ordering of their images. 

One might be tempted to think that, by the processes that helped 
unshackle us from the bonds of our immediate physical space, our 
mind has achieved independence from the environment. If we integrate 
with our social matrix in new ways, such as the one Calhoun suggests 
[1], this may come about in our future evolution. But it is not the 
case at present, and two reasons which prevent our optimal conceptua- 
lization of man-environment relations can be identified. 

In the first place, there is no generally accepted theory of the 
phylogeny of the human space-time perception. This is due, in part, 
to the difficulty of Che sub3ect matter, since the many scientific 
disciplines, with their detailed knowledge of its aspects, can still 
not find enough common ground to come to integration. This cannot 
be helped, but what can be helped Is the other part responsible for 
this lack of perspective. The behavioral sciences, whose data will 
have to form the framework for the panorama, seem to impede their 
own progress with obsolete discussions on Che particulars of this 
broad behavioral scene. The continuing controversy concerning the 
relative importance of innate or learned behavior factors obscures 
the importance of specific behavior in the formation of our mental 
Images, For instance, as a research psychiatrist, I would prefer to 
draw analogies between animal territorial defense and what are called 
defense mechanisms of the ego in psychoanalytic terminology, rather 
than quibble over the question whether man as territorial by nature. 

This brings us to the other factor preventing clear thinking on 
man-environment relations. Not only do our individual mental images 
recapitulate their phylogeny, but they have become almost the only 
means of our contact with reality. We, therefore, partake only indi- 
rectly in each others* scene, and we must begin to realize that we do 
not share vast areas of the perceived environment. In this respect, 
each of us lives in his own world. 

At this point, I should refer briefly to some formulations re- 
garding the formation oE mental images, derived from psychopathology, 
which unfortunately extended beyond the limit of this Symposium. In 
the beginning of this century, Freud made the first crude formulations 
about the role of our unconscious in dally life. Since then, we have 
increased our understanding of the relationships of different parts 
of our mind, which, by whatever name they may be labelled, always re- 
fer back to the images of our early childhood. These images are ex- 
tremely malleable during certain critical periods in our life, e.g., 
the pre-school years and puberty. But they tend to become stereo- 
typed in the course of reaching adulthood. Anybody who has tried to 
influence their shapes and relationships (and that is what teaching, 
psychotherapy, advertising, etc. is all about) knows that it is very 
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hard to change someone else’s mind at this stage. In mental illness, 
it proves sometimes impossible to change the faulty interplay of 
images without first interfering with the brain function itself, e.g., 
by the use of drugs and brain surgery. If we understand from this 
perspective how aberrant, deformed and rigid our mental images may 
be, then we can begin to see why these very building blocks of our 
mind prevent us from reflecting our psycho-sociophysical environment 
clearly. 

To emphasize the crucial and as yet not precisely definable role 
which individual spatial mental :hnages play in our life, may I tell 
you something of my growing-up. 

I am part Asian, bom in the native surroundings of Indonesia, 
a beautiful land of grandiose proportions and with a multitude of 
quiet, gentle people. On the island of Java where I lived, plains, 
ravines and mountains are fully cultivated without a loss of their 
natural contours. With a population of more than 1000 per square 
mile, it belongs to the most densely populated areas in the world. 

Yet, the beauty of its landscape and the relaxed, open mind of its 
people produced in me images of freedom in an unlimited beautiful 
world. 

Where as a child I experienced this large-scale environment, as 
an adolescent I breathed in a small-scale European milieu. Holland, 
the country which gave me ny schooling, looked ridiculously petite 
when 1 arrived by boat. The flat land with its obviously man-madn, 
neatly spaced, small areas in which people were constantly on the 
move has, in an oppressive manner, superimposed on my naive feelings 
of freedom a preoccupation with being "right” morally as well as 
technically. Psychologically, these developmental images cannot 
blend entirely without harming each other. It is fortunate that my 
images from these contrasting environments came about in their order, 
since it is easier to clear the mind of adolescent rather than of 
childhood impressions. I had to relegate the imprint of life in Hol- 
land to its proper place in order to allow the optimism of my Indone- 
sian Images to blend with the prevalent American spatial image: wide 
horizons offer unlimited opportunities. Even if it is, unfortunately, 
an infantile view of the largesse that Nature displays toward Man, I 
am happy to share the stereotyped American image: "The sky is the 
limit." 

The above represents one part of my tacit knowledge, the expe'- 
rience that space molds life. The other part Is formed by my expew 
rlence of how life influences the space it inhabits. In Indonesia, 
culture blended with nature. The changes which humans brought about 
in their environment seemed in accord with a pre-conceived harmony 
in our universe, as many Eastern philosophers have it. The process 
of my growing up took place within that natural surrounding; I re- 
member the sea, mountains, a lake, a village with rice terraces and 
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garden plots. In this warm and friendly childhood climate, where 
little work was needed to guarantee a living from the extraordinarily 
fertile soil, only my Holland-directed primary school education pre- 
pared me for the cold, hard-working and reserved attitude of the spa- 
tially limited Dutch. Holland, in its history, exemplifies the hard- 
headed determination with which man literally creates his place under 
the sun using the most advanced technology to wrest more and more 
acres of living space from the sea. Again, there is no doubt that 
this perpetual quest of the Dutch has led to a stereotyped image of 
what nan can achieve against Nature. Some say: "God may have cre- 
ated the world, but the Dutch certainly made Holland." This self- 
sufficient attitude of the Hollanders has been sustained by their 
adoption of regimented societal life styles with strong cultural 
sanctions against those who look for a more universal frame of re- 
ference. My personal concern with the adverse effects of such rigid 
stereotyped self-images has been reflected recently when Lynn White 
wrote: "In their epic combat with Neptune, have the Netherlands 
overlooked ecological values in such a way that the quality of human 
life in the Netherlands has suffered’ I cannot discover that the 
questions have ever been asked, much less answered." [10] 

I would like us all to think of such questions and their answers. 
Reflecting from my present day position and style of life, I can only 
hope that the Images brought about by the singular freedom of mind In 
*the U.S.A. will not become disfigured by our Increased reliance on 
icechnology. If we want to know the shape of our future life, we will 
have to conceptualize without the pressure of present-day commitments 
and regardless of the limitations of present-day techniques, as ve 
will try to do in the last session of this Symposium. 

Now that I have tried to particularize the framework of tacit 
knowledge responsible for my own concern with the topic of this Sym- 
posium, I can return to its substance. The participants in this 
meeting, and I include the members of the audience under this rubric, 
will try to piece together the outline of what can be seen as a jig- 
saw puzzle representing our common understanding of the space around 
us. In so doing we realize that we reduce the dimensions and that 
many of our formulations are not only tentative but will also, of ne- 
cessity, be Incomplete, because our language cannot adequately convey 
the rich variations in our spatial and temporal experience. This 
Symposium hopes to provide the basis for the development of a scien- 
tific terminology for spatial behavioral research. 

There are some aspects of spatial behavior which can presently 
be defined reasonably well, and the Symposium has sessions devoted 
to conflict resolution, crowding and communication. The methodology 
evolved for the study of these topics has been much strengthened by 
recent technical progress in data acquisition and processing. It is 
to be hoped that these established techniques will allow observation 
and experiment, and will thus define additional parameters which may 
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illuminate the evolution of our spatial behavior. There are many 
instances in which such knowledge would have immediate practical con- 
sequences. For instance, it might answer the question whether the 
theory that our social behavior goes back to the spatial organization 
of groups of 12 of small rodents can be linked to the fact that rats 
and mice have been a successful model for the human in biochemical 
and pharmaceutical research. If we look at the brain as a social or- 
gan, the analogy in the backgrounds of human and rat social behavior 
would justify extrapolations from the reactions of neurohorzaones to 
psychotropic drugs In the rat to identical processes in the human. 

A further consequence: If the evolution of the biochemistry of our 
brain follows the evolution of our social behavior, we would then 
have a new parameter in determining which of the non-human primates 
is the appropriate animal for psychophaxmacological research. 

Our many areas of theoretical interest are to lead directly to 
the concern for practical human problems. The kind of growing, pre- 
sent-day, popular concern about man-environment relations reflects 
our society's helpless awareness of its loss of perspective. Our 
culture and our individual behaviors reflect the Images we have of 
this world and of ourselves. We, here, should use our multidiscipli- 
nary knowledge of the evolutionary perspective to understand the in- 
creasing magnitude of the effects our mental images have on our uni- 
verse. Our recent success in completing the first orbiting of the 
moon has changed nothing in our present conceptualization of space. 

But Che fact that men have actually moved around another planet will 
undoubtedly Influence our future spatial concepts. I am convinced 
that the progress of our exploration of outer space is a complement 
to the progress of our exploration of inner space - the Mind. 
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Ten Phases of the 
Animal Path: Behavior 
in Familiar Situations 


Fred Fischer 


INTRODUCTION 


Spatial relationships govern animal life to a degree scarcely 
comprehensible to man. However, even the most tangible aspects of 
such relationships remain fleeting and are radically altered by the 
slightest movement or chenge of position. For the purpose of our 
discussion, unarticulated space is essentially irrelevant. We shall 
confine our remarks to spatial change induced by movement, juxtapos- 
ing unfamiliar and familiar space. 


All changes in the animal's distance relationships develop along 
paths. Under certain sets of conditions, the animal s change of po- 
sition leaves traces or cracks which may be marked or signposted by 
the animal. The paths, "established" in this manner, have concrete 
spatial delineation. They may be delineated on four sides (e.g,, a 
corridor), on three sides (e.g., a hollow path or gallery), on two 
sides (e.g., a traverse) or on one side (e.g., an animal run In the 
snow). The paths may be visible or, as In the case of an air corri- 
dor, invisible. Each path, even if used frequently, remains unique 
and is strictly determined by a variety of factors. When first cre- 
ated, It Is called a virgin path. The "run" Is a particular fora of 
the habitual or familiar path. Hedlger [9, p.44) has defined the 
run as the regularly used path of communication between fixed points 
in the animal’s living space. 


The first position, prior to the path proper, is the point of 
departure. From here on, all the points along the path are ordered 
within a specific hierarchy - the path hierarchy - and may be fixed 
by subjective markers (18, p.90). Thus we see a strictly determined 
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and Irreversible relationship between the subject and its environ 
nent« In this respect, the animal path may be compared to the course 
of a river. In any event, it is important to realize that the ani- 
mal path, irrespective of its dimensions, is a part of the animal s 
life pattern. And the path hierarchy is, in effect, a mirror of the 
animal’s space-time experience. 

The first distinction we must make is between the home and the 
destination or goal. Between these twin aspects, the animal path 
may be broken down into individual component parts such as the single 
step, the movement of a wing or a fin, in short, any single action 
within the development of the path between one point and the next or 
between one hazard and the next. In English, the word "away" takes 
the home as its orientation, the home being taken as a starting-point. 
In Greek, on the other hand, "hodos" implies movement towards a goal. 
This twin orientation is present at every single point along the ani- 
mal path, since each step is a movement away from a "home" towards a 
"goal". The home is left when unrealized individual desires need to 
be fulfilled. The goal becomes "desirable" because it is the point 
where certain desires and needs can be fulfilled. 


The path itself may be broken down into a number of phases with 
corresponding characteristic (objective) behavior and characteristic 
(subjective) moods. These phases vary with motivation and with the 
animal’s relation to conspecif Ics. It is vital to realize chat each 
individual phase must be seen both as a component part of the path 
and as a separate entity. 


The phases may be designated as follows. 


The need for change of location* 
The start integration 
The first step 

The outward stretch ; 

Before the goal . 

At the goal . 

The turnabout 

The return stretch 

The approach to the hone 

Entering the home • 


Das Bedurfms zum Ortswechset 

Dte Integratvon sum Start 

Das Exnpendeln des Weges 

Der Streckenhvnweg 

Dev ZveZbann 

Am Zvet 

Dve Vmkehr 

Der Stredkenruokweg 

Dte Anncdierung ans Heim 

Dte Etrihetmung 


PHASE 1* THE NEED FOR CHANGE OF LOCATION 


The animal’s initial impulse to move is induced by a need for 
a change of location. The path thus takes on something of a "per- 
sonal aspect. The reasons nay be endogenic or exogenic in origin - 
the appearance of an enemy, a threat to the home, climatic change. 
Instinctive compulsions, hunger, thirst or pathological states. On 
the other hand, the animal nay be motivated by the simple need to ex- 
plore, to be "on the move". This drive, in Its relation to the and- 
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mal's environment, is the antithesis of sleep, which manifests itself 
as a withdrawal from the environment. The impulse to be on the move 
springs from the diffuse state of awakening and leads to appetitive 
behavior which, in turn, prompts the animal to move from one location 
to another, either to establish contact or to avoid contact. 


One special aspect of this impulse is the need for movement pure 
and simple. Both man and a great ntimber of animals are obliged to 
live in a border zone between earth and air. These two aggregate 
conditions result in an incomplete mechanical adaptation of the body. 

In the marine world of primeval history, the situation was quite dif- 
ferent. Modern movement therapy, which includes hydrotherapy, thus ^ 
corresponds to a natural necessity. In cases of pathological restric- 
tion of movement, as in forced bedrest, serious decubitus, or bedsores, 
will develop. Indeed, with the need for movement on the one hand and 
the energy output required by man's phylogenetically upright position 
on the other, we are, biologically speaking, "between the devil and 
the deep blue sea". In the case of many marine creatures, movement 
is essentially a means of combatting the current and remaining in con- 
tact with their original environment. By dint of a negative rheotaxis, 
the creature's environment has come to be decisive for its locomotion. 
Rheotropism, the phenomenon of roots growing against the pu o e 
current, is an indication of how the plant attempts to strive towards 
its goal. Paradoxically, plant life is far more effective in secur- 
ing" its "path" than animal life. The source of vegetative growth 
in space is perhaps analogous to the animal need to explore space. 


PHASE 2: THE START INTEGRATION 


If the original need to be on the move is not superseded or is 
canceled (e.g., when a threat of danger has passed) .the animal pre- 
pares to move off. This preparation is characterized by a series of 
locomotor actions which precede actual movement away from the point 
of departure. The position of the body is induced by the movements 
of the individual organs. To express this more simply: in order to 
pluck an apple from a tree I may have to do no more than stretch out 
a hand, or, I may have to take a few steps. In other words, the 
phases of the animal path may be seen as a pattern of behavior which 
is governed by a variety of compulsions 113, p. 1 J* ere s a 
definite distinction between body movement with and body movement 
Without a change of location, as Leonardo da Vinci noted some cen- 
tunes ago: "The simple movement may be divided Into Wo parts. The 
body may move about its own axis without changing v t 

whole may move from its original position. [12, p. 5 J 
• comes a consumptive process, when on economic balancing of the desir- 
ability of the goal and the effort required to reach It occurs. 


The phenomenology of the path may be seen as a system of waves 
and wave patterns which are of different sizes and which overlap. 
Each small undulation corresponds to the overall pattern, and the 
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overall pattern is mirrored in the smallest undulation. The Inte- 
gration" or "preparatory" phase before the first step is actually 
taken is like the drive to the airport before take-off. Or: 'The 
alpha male in a group of primates will move off first, in his typi- 
cally stiff-legged gait, and will thereby create a general pattern 
of movement for the others to follow." (11, p.80] 

The entire process of integration before moving off is highly 
diverse, either varying with a change In locomotion or with an ex- 
tension of a movement or position already present. Thus, for ex- 
ample, the grazing animal does not have to rise to its feet before 
taking flight. The process of orientation is also part of this in- 
tegration phase, whether it be a movement of the head or a "false 
start" . 


The concept of "beginning" is etymologically related to the 
word "yawn" (originally in the sense of "open", "encompass") and is, 
in effect, indicative of an oral function. The environment is en- 
compassed by the mouth, the hands and feet - by swallowing, by pro- 
cessing and movement. In the case of "swallowing" the situation is 
slightly different inasmuch as Che body organs come to represent the 
environment and the paths through it. In the case of movement there 
is, in vertebrates, a phylogenetic development from caudal (the fish’s 
tail) to cranial* the process of movement becomes "plurilocal" . The 
process of movement, i.e., the drive and the direction, forms a func- 
tional entity in the animal organism. 

The first two phases can be seen as preliminary phases which, 
when interrupted or disturbed in some way, will demonstrate their 
connection with the entire development of the path. Thus, the ab- 
sence of a need to flee from danger (Phase 1) can be as dangerous 
to man or animal as would be a broken leg (Phase 2). 

PHASE 3* THE FIRST STEP 

In the third phase, the inner need to make a move is comple- 
mented by the external possibilities provided by the path. Openings 
and obstacles in the environment determine the development the path 
will follow. The subject is influenced by matter and forces (i.e., 
terra firma, water, air, gravity, friction, the rotation of the earth). 
Under terrestrial conditions at least the space through which the path 
leads is never a total vacuum. Leonardo da Vinci pointed out that 
change in the body position is a dislocation; "That which moves gains 
as much space as it loses." (12, p.22] The sense organs (in humans, 
also artificial aids) make it possible to establish immediate contact 
over a distance and to avoid collisions by taking evasive action. 
Pushing and restraining (as externals) correspond to compulsion and 
hesitation (as internals). 

The transition from the stationary position has not only loco- 
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motor aspects but also aspects specific to the path itself. The sub- 
tlety of the first change of place or dislocation with the first step 
springs from the fact that, in walking, each foot comes down on a dif- 
ferent and specific point, (Stumbling can be, quite literally, a 
Freudian slip!) 

Provided there are no pathological barriers, every living crea- 
ture - given its appropriate environment and depending on its physio- 
logical make-up - can commence moving with those organs best adapted 
to the path to be followed. Even minute deviations from the anatonii“ 
cal norm - minor aches and pains - will lead to an individual differ- 
ence in the first step. In man, right-handedness is known to be pre- 
dominant. On the march, however, the step is called on the left foot. 
The statistical analysis carried out by Braus [2, p.18] reveals that 
in humans the upper right extremity and the lower left extremity S^e 
more strongly developed. Similarly, observations relating to cross- 
gaited animals - these have to be fully confirmed - show that, all 
things being equal, the first step is more frequently taken with the 
front right extremity. With equal reservations, one may also remark 
that in many species of fish the first movement of the tail is mofe 
frequently to the left. 

Apart from an individual difference, one may also assume a 
netic difference which can perhaps be traced back to the pressured 
of natural selection, the geo-physical causes of which are Che rota- 
tion of the earth and the Coriolis forces. 

The path commences with the pendulous movement of Che first step. 
Just as the course of a mountain stream is dictated by accumulated 
water, the incline, the bed of the stream, and geo-physical force?* 
■ttany ritualized start patterns may, in fact, spring from the conflitit. 
between the home and the goal. The circling of the philanthus trtan- 
Rulum , a species of wasp, is an impressive example of this conflict 
[19. p.17]. 

Acceleration of movement results in a locomotor "straightening" 
or "stretching" of the path. Haste - which causes a fleecing assess- 
ment of environmental factors, leads to a sensorially determined 
"straightening". As the path is stretched, contact with Che environ- 
ment is reduced. A meandering of the path leads to an increase in 
contact with the environment. In following a path, the animal con” 
tinually requires impulses which will overcome the opposition of its 
environment. In other words, the animal path is experienced as a 
struggle against forces which act against movement. (The psycholo- 
gical concept of "aggression" derives thus quite logically from the 
Latin "ag + gredl", "to move forward",) 

The straightness of the path is relative. It is vital, however, 
to avoid the mistake of confusing the "eye-path" with the "foot-path". 
In these days, when many means of transportation enable us to reach 
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our destination by the most direct routes and irrespective of ob- 
stacles, the subtlety of the animal organism in finding a path is 
often overlooked. The path between the point of departure and the 
destination can be thought of In terms of periodic, a-periodic, sub- 
ject-determined or environment-determined wave structures within and 
around the axis of orientation. The desire to spend as little time 
as possible in "foreign" space leads, spatially speaking, to the 
bridge between the two points being made as short as possible. Cau- 
tion also dictates the choice of gait and its wave pattern. The con- 
stant tendency to turn around for reassurance is particularly notice- 
able on the outward stretch and must be taken into account in the 
wave patterns. Hediger*s maxim [10, p.lO] that "animal paths are 
never straight over longer stretches, but tend to meander" is, bio- 
logically speaking, by no means a contradiction of one of Leonardo 
da Vinci’s most celebrated observations [1, p.ll]: "Every process 
in nature is completed along the shortest way possible," 

PHASE 4: THE OUTWARD STRETCH 

The outward stretch continues from the pendulous starting move- 
ment and stops at the point before the goal. It is dominated both 
spatially and temporally by the obstacle of "distance". In fish, 
we find that the further away they are from home the less prepared 
they are to engage in fighting and the more ready they are to flee 
[14, p.l3l. The animal divides the outward stretch (and also the 
return stretch) Into two sections - the stretch behind him and the 
stretch which is still to come. This relationship has engendered 
the concept of "the half-way point" which has associations with 
time, supply, obstacles and danger. At the half-way point one can 
turn back. (The airline pilot knows this as the point-of-no-return.) 

The new and unfamiliar is determined by the old and the familiar, 
as Illustrated by the process of birth. Environment and goal are sub- 
ject to a metamorphosis of apperception due to the change in distance 
relationships. Every outward stretch carries the stigmata of self- 
control and self-denial: it marks a renunciation of the home in fa- 
vor of a risky undertaking. On this outward stretch, the behavior 
of both man and animal is particularly circumspect. When they move 
together in a group, the closed formation and its Implied rigid hier- 
archy can be seen as fulfilling a protective function [11, p.79]. The 
outward stretch passes through the foreign space and no-man's land, 
engendering insecurity and loneliness. Distance and time are in the 
foreground. 

Every outward stretch is a difficult experience. When a patient 
visits hxs doctor and leaves in a better frame of mind, the improve- 
ment in his spirits is, at least in part, due to the fact that he has 
mastered the outward stretch. The same is true of every undertaking 
which has a specific goal. Human disinclination to return by the 
sane way may well be related to the memory of the spiritual stresses 
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of the outward stretch. 


PHASE 5: BEFORE THE GOAL 

The subject enters the final stretch from the moment he per- 
ceives the goal. The successive integration of sensory impressions 
which comes with the approach to the goal may make the goal more ap- 
pealing or may lead to disinterest. The goal as imagined need not 
be identical with the goal in reality. Man is often disappointed in 
his great expectations. In man, this final stretch before the goal 
can begin with a pre-conceived notion. Optical, acoustic, olfactory 
and tactile impressions superimpose themselves on this image and 
supply correctives to it. The sequence of sensory perceptions in- 
volved in the integration of Che final stretch may vary with the spe- 
cies, The relationship between the appearance of a final stretch 
component and the distance involved is important in order to trans- 
mit the sensory impression into a motor impulse. Thus, the 
spurt must not start too early, lest the subject exhaust himself too 
soon. The orientation hierarchy can be dangerously disturbed i t e 
sensory impressions of the goal emerge in an unfamiliar sequence, a 
mother's call from across a busy street will disrupt her child s pru- 
dence, Where the sequence of movements is instinctive, a change^ in 
environmental relationships will lead to meaningless activity. Ducks 
which are fed grain on land still act as if they were looking for food 
in the water." [13; ch, 4, p.60] It is most likely that there exists 
a critical distance between the subject and the goal. This emerges 
as a caesura in the subject's forward motion. Denending on circum- 
stances, the ensuing movement will be either accelerated or ece er 
ated. Fear of the goal ("Our difficulties grow as we approach our 
goal" [13]) and intoxication with the goal ("He who approaches his 
goal begins to dance with joy" [15J) lead to various modes of beha- 
vior before the goal. 

Different sets of relationships arise when the goal is mobile, 
when it is missed, when it has to be avoided or when J “ 

appears from sight. If the primary goal cannot be reached, the ou 
ward stretch is continued in the pursuit of a secondary goal. In 
case the goal is forgotten or renounced, the outward stretch will b 
followed by a turn and the immediate commencement of the homeward 
stretch. If the goal can be neither attained nor 

Will be either a physiological substitute for the goal or death of 
the subject. 

PHASE 6; THE GOAL 

The subject is driven towards the goal by the “"“f 

“Irt it. lo the case of oogolates, F. Walther [10, P-« 

"fd for contact as the antithesis of ^^^"IhLior 

rtirst, rivalry, sexnal drives specifically characterlre behavior 

uring the outward stretch. 
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Motor activity subserves the goal as an object which Is spatial- 
ly separated from the subject* That which cannot be reached via 
simple organ movement must be attained by means of locomotion. Thus 
there are measures which act at and over a distance. These are: the 
actual physical movement along the way; (.Gve^fspraohe) the active lan- 
guage of touch which sends out voice, gesture, sight and scent (as op- 
posed to the Tastspraohe which is the passive language of touch which 
hears, sees and smells); and the distance weapon, such as a bolas, a 
boomerang, a bullet or even spittle. It is no coincidence that the 
German "Z^el" (= goal) derives from the Gothic "tita-vtds" (literal- 
ly = aiming at a goal), the expression used for "spear". 

The path appears as a developing tool which, as an intermediary 
member, connects the subject’s arm with the object to be grasped. 

This motor connection becomes evident in the case of transportation 
via a funicular, a tow-ferry, a conveyor belt, or a moving staircase. 
In all these constructions, the substratum of the path becomes a path 
machine . 

The goal or destination is reached when contact between the sub- 
ject and the object has been established, either directly or indirect- 
ly (for example, via a weapon). The goal is consummated at the mo- 
ment of contact. In all, three different types of contact can be 
distinguished* 

1. Reversible contact between object and subject. Among the 
inanimate objects are the location of the goal itself, light condi- 
tions, temperature conditions; among animate objects are various 
forms of partnership. 

2. Irreversible contact with the object: stripping of the 
goal, capturing prey, killing an enemy, 

3. Irreversible contact for the subject as in fertilization 

or death of the subject^ in baitJe.- 

The presumptive goal and the actual goal are not one and the same 
thing. At the goal, the distance between the point of departure and 
the point of arrival has been covered and the outward stretch is at 
a close. The change of location has ended and the consummation of 
the goal begins, ending when the potential of the goal has been fully 
exploited. When the goal has been reached and has been exploited, a 
process of re-assessment begins. The subject’s relation to its en- 
vironment is revised. The goal, as such, has disappeared. It has 
disappeared like a piece of meat which a dog has eaten and around 
the traces of which it continues to sniff. The goal continues to 
exist only in the memory of the individual or of the species (where 
it emerges like a Phoenix from the biological ashes). The goal 
phase marks the burial of the goal: ”a consummation devoutly to be 
wish’d". [17] 



ANIMAL PATHS 


17 


There are goals whose attainment marks the end of the path, 
such as in the case of the new-born kangaroo, which moves only once, 
from the genital aperture of the mother into the mother's pouch. 

The adult human frequently leaves the parental territory, never to 
return except in his imagination; there the outward stretch is com- 
pleted in reality, the return stretch in the imagination. For some, 
the life process itself is an outward stretch with no return; for 
others, death is the return, 

PHASE 7: THE TURNABOUT 

The turnabout is the beginning of the return stretch. In pri- 
mates, "the point of turn is often a significant point in the land- 
scape, e.g,, a thick wood or a hill" [11, p.79]. We should like to 
distinguish the physiological turning of the body from the turnabout 
point as a phase of the animal path. They are related to each other 
in three ways: the turn may precede the turnabout, the two may coin- 
cide or the turn may follow the turnabout. The turnabout can be made 
via a circling turn or by a figure-eight turn. In the latter case, 
there may then be a false or a genuine crossing of return stretch end 
outward stretch. On level ground, the turnabout can be with an actual 
turn to right or left or without a turn (extended turnabout) , forwards 
or backwards. The most genuine example of an extended turnabout for- 
wards is the circumnavigation of the earth; an extended pseudo-turna- 
bout forwards is found in the search for an ad hoc home. Spatially 
speaking, we can also distinguish an upwards and a downwards turn. 
Here, the turn mechanisms deserve attention not only as technical 
but also as psychological phenomena. The turnabout is an undertaking 
which has grave consequences inasmuch as it radically changes the as- 
pect of the path. The turn itself is not without its share of diffi- 
culties. The animal body is rotated 180® and consequently exposed to 
a totally new picture of the environment. Each turn has its turning 
crisis, at the high point of which the body bends in an attempt to 
become less conspicuous. At the turnabout crisis there is a decision 
made as regards the path, one which determines movement away from the 
goal and a return to the home. This moment of doubt or indecision at 
the turnabout can be extremely dangerous for the subject. The turn 
can be "too early", "properly-timed" or "too late". In addition, the 
"attacking turn" (familiar to us from the turn reaction), must be dis- 
tinguished from the "flight turn". It is interesting that the Swedish 
word "keson", etymologically linked with German "kehren" turn) 
means "to flee". Perhaps we may one day succeed in specifying the 
psychological meanings of the various forms of turning. 

For the human psyche, the turnabout very often means a return 
to society, tfartln Buber [3, p.69) wrote; "The one thing which can 
be fateful to man is his belief in fate. This suppressed the thought 
of turning back." (In this connection, the turn is upwards.) 
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PHASE 8; THE RETURN STRETCH 

The return stretch differs from the outward stretch, even though 
they share the distance factor. Both phases are within the same cir- 
culus, whether as "single or return" or as a "round trip". As op- 
posed to the outward stretch, which is embedded between home and goal, 
home and goal are identical on the return stretch; the point of de- 
parture lies within an infinite foreign space. There is no home to 
offer the subject protection from behind, which may result in the re- 
turn stretch being covered backwards. This constellation also entails, 
among other things, a particular haste and a "straightening" of the 
path. In the case of Myrmica ruglnodis Nyl. . a species of ant, the 
outward stretch meanders whereas the return stretch is in a straight 
line [10, p.23A]. Kurt and Rummer made the following observations 
among primates: On moving off, the whole herd remains close together 
and moves at great speed. It then becomes more and more loose in for- 
mation and slows down. At the turning point, it comes to a stop and 
resolves into separate groups which return to the rock at increasing 
speed [11, p.79]. Thus, the return is marked by a reduction of the 
rigid social hierarchy of the outward stretch, which was an attempt 
to compensate for the loss of territorial security. The drop in vi- 
gilance on the return stretch may lead to the "accident on the way 
home"; the familiarity of the way home can be deceptive. In his book 
"The Early Swiss and His Mars", W. Schaufelberger tells of "retreats 
from the field which were indescribably disordered". [16, p.205] 

The return stretch has in common with flight orientation towards the 
home, but the flight path, in contrast to the return stretch, is sel- 
dom straight. The outward stretch has orientation towards the goal 
in common with the attack. In the case of the attacking subject, the 
home IS present in the rear and the "radial effect" of the hone must 
be taken into account. 

The relationship between foreign space and enemy thus contributes 
to a differentiation between anxiety and fear, {.Angst und FuToht) • 
Anxiety, as an expression of enclosure, of being "hemmed in", is spa- 
tially delineated. As opposed to this, fear calls our attention to 
the object [6, p.AlO]. The concept of "pain" or "smarting" goes back 
to the Indo-Germanic root "smerd" which means "to sting or bite". 

The concepts of anxiety and fear and of pain or "smarting" emerge as 
a spatially and distance— determined alarm sequence. Anxiety signifies 
the lack of a way out (claustrophobia), fear refers to an object (the 
enemy) and pain to pressure (contact). To over-simplify, fear go- 
verns the outward stretch and anxiety the return stretch. Anxiety 
and fear anticipate pain just as seeing anticipates touching and aim- 
ing anticipates grasping. 

Particular paths emerge from the tendency to return to homes of 
a temporally earlier order. A geriatric phenomenon, caused by the 
deterioration of memory with approaching senility, emerges when pa- 
tients, in their confusion, seek to return to their parent's hcraie 
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which they have not seen for many years. Bird and fish migration 
also correspond phylogenetically to a search for earlier homes, "They 
celebrate marriage where their cradle once stood" [8, p,12]. It is 
also feasible that the sexual drive is marked by a tendency to return 
to "homes" or states (environments). Finally, the Freudian death in- 
stinct {Todsstneb') might be considered in this light. When a person 
dies, he is often said to have "gone home". "An instinct is", accord- 
ing to Freud, "an urge Inherent In organic life to restore an earlier 
state of things which the living entity has been obliged to abandon 
under the pressure of external disturbing forces..." [5, p,213]. An 
accidental form of the loss of home is represented by displacement 
or kidnapping. The return via memory is an imaginary form of the 
return stretch towards an earlier home. That which was forgotten on 
leaving home is replaced by imagined recollection. In such earlier 
"homes", the subject looks for his physical and psychic balance, a 
balance which developments have upset. It looks in space for that 
which it has lost in time. 

PHASE 9: THE APPROACH TO THE HOIE 

The approach to the home is related to the approach to the goal. 
In the approach to the goal, the goal itself dominates the place; 
in the approach to the home it is the place which dominates. It 
should be mentioned that the goal can be a place and that the home 
can be non-stationary. The goal is not the subject’s property until 
it has been appropriated and consummated, even if this process is 
only optical ("It’s mine, I saw it first" is a phrase common to chil- 
dren and to adults.) In contrast, the home is something which the 
subject considers to be his from the very start. It is only the ap- 
proach to the home which may pose a possible confrontation, inasmuch 
as the home takes on the properties of an object just as the child, 
in being born, becomes the partner of the mother. In those cases 
where objectivization leads to a total eclipse of spiritual rapport 
with the home, the home no longer exists and the subject loses all 
desire to return to it. In man, anything can then take the place of 
home . 


The confrontation with the home leads to a caesura during the 
approach to it. A pull towards home may result in or create a new 
departure from home, depending on the circumstances which encourage 
or prevent entering the home. Caution, slowing down and an increase 
in meandering are most frequently due to a change of locomotion prior 
to landing, camouflage of the home (by camouflaging the entry to it) 
and occupation of the home. 

As the home is approached, the readiness for aggression in- 
creases, just the opposite of what happens during the outward stretch, 
An interesting historic example; "When the Bundner and the Tiroleans 
had been reconciled after the putsch of Munstertal in 1499, the con- 
federates who had hurried to the scene of conflict could not content 
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themselves with returning peaceably towards home. Once they were in 
the field they were not to be contained. Although the fighting urge 
was probably equally strong on both sides, it is to be assumed that 
the Swiss were the first to strike. Not only because their later ex- 
cuses seemed less than convincing, but also because the people of Uri, 
on the way home fvom Cozve suddenly broke loose in Ragaz and, in spite 
of warnings to the contrary, moved xn to the attack. Before anything 
was noticed, the confederates had slipped across the Rhine in two or 
three small boats and had set fire to a couple of houses. This was 
the beginning of the Swabian war,'* [16, p.l59l (my italics). This 
Increase in aggressiveness in the vicinity of the home is particular- 
ly dangerous in the age of ICBM’s. 

PHASE 10: ENTERING THE HOME 

The first major occurrence on the path was the movement over the 
threshold from the home environment into a foreign environment. The 
last great occurrence is the actual return into the home envirotment. 
Time has elapsed and developments have occurred both inside and out- 
side the home since the departure. The subject has changed due to 
Its experiences, the home has changed, among other reasons, due to 
the absence of the subject. The subject has become acquainted with 
a portion of the foreign environment and, at the same time, a portion 
of the home environment has become foreign to him. 

The parable of the prodigal son and his very accommodating fa- 
ther illustrates the subjective difficulties encountered when enter- 
ing the home once more. Perhaps the very impossibility of doing this 
may lead to a nomadic life, with the subject recognizing the various 
reasons involved. If the home was left originally because it did not 
meet certain needs such as protection, nourishment or sexual needs, 
it would be supplemented on return by those places where satisfaction 
was obtained. Here perhaps we may glimpse the genesis of territorial- 
ity as an extension of the home The various goals along the path 
have become "home stations”, the trades have become bridges to the 
home which, the substratum of the path permitting, are fixed by mark- 
ers and acquire home characteristics. If the paths become a network, 
the intervals between them are absorbed as territory. Excluded from 
this process are only certain biological one-way streets, "false" 
streets and those which, due to displacement of the substratum of the 
path, have become inaccessible. The engrams of territory which have 
settled in the animal psyche cannot be erased. In man, they are sub- 
ject to psychic re-worklng but, in the form of prejudices, may hamper 
his ability to perceive and correctly assess the future. 

A particular form of "non-entry" is found in the case of disori- 
entation due to a false assessment of the foreign environment, the 
path environment or the home environment. Such disorientation can 
occur at any one of the ten phases of the path and is specific to 
each phase. It can, in Itself, lead to a nomadic existence. In in- 
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stances where disorientation cannot be conquered by the establish- 
ment of a new home, it leads - for exogenic reasons - to confusion 
and panic which probably relate - for endogenic reasons - to confu- 
sion due to false assessment of the environment. 

After the home has been entered, the process of the path gives 
way to rest and sleep. 

A study of the relationships between several paths should follow 
each extensive analysis of the Individual path. Such a study should 
concentrate on the animal encounter and the ensuing accompaniment. 
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Dominance and Territoriality 
as Complemented in Mammalian 
Social Structure 


Paul Leyhausen 


INTRODUCTION 

"One very cold night a group of porcupines were huddled together 
for warmth. However, their spines made proximity uncomfortable, so 
they moved apart again and got cold. After shuffling repeatedly in 
and out, they eventually found a distance at which they could still be 
comfortably warm without getting pricked. This distance they hence- 
forth called decency and good manners." 

I chose this old fable for an opening because it sums up nicely 
points I want to make. First, that individual distance as a 
does not in Itself mean mutual hostility, second, that 
even in non-aggressive animals a too close proximity can become very 
prickly, third, that individual distance means a balance between dis- 
persive (not necessarily violent) and cohesive forces; and fourth, 
that, through individual distance, space itself becomes the vehicle 
of social meaning. 


I apologize for introducing my subject from a theoretical angle, 
which IB certainly not the way we ourselves started out: because our 
observations and investigations were primarily not aimed at finding 
ont anything about social behavior. But I hope that, by making our 
way backwards In a sense, the broader meaning of the facts to be pre- 
sented may become more apparent. 


FROM IMBIVIDUAL DISTAMCE TO EAHKTUr. nvu vi, 

There are innumerable opanisns which often keep Individual dis 
tance without hostility (for instance, lower - 
I kind of breat hing space. 


- -- marine organisms), liter- 

ey may struggle to obtain and 
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keep it, but rather as If wriggling free from an obstacle and not as 
if fighting an adversary. However, where evolution has equipped the 
organism with structural and behavioral prerequisites for fighting, we 
shall almost invariably find that fighting is also, and often mainly, 
employed to keep conspeciflcs at a suitable distance. For this to be 
effective, two more sets of factors are necessary; a defeated animal, 
or one not ready to fight, must be able, must have the behavioral dif- 
ferentiation, to flee; at the same time it must have some reason to 
approach and keep close to the other animal, or there would be no 
fight in the first place; and afterwards the animals would, at least 
in theory, disperse so as never to meet again. All these behavioral 
differentiations are so universally present in vertebrates that, in 
those rare cases where one or the other is absent, we are compelled to 
conclude that it is a secondary loss. Since I am to talk about mam- 
mals, we may start from the assumption that the behaviors outlined 
above are as a rule at the disposal of all the species in question. 

Anger and fear (terms I use here to describe the motivational 
states underlying certain behaviors, without any reference to subjec- 
tive feelings which may or may not accompany them) command the behav- 
ior patterns of aggression and flight and, when flight is blocked by 
external or internal factors, of defensive fighting and submission, 

Whether the fighting originally starts because one animal ap- 
proaches another too closely or because of something else, the out- 
come will eventually show that stronger or more aggressive animals 
keep a greater distance in relation to other animals, or are kept at 
a greater distance because of the avoidance action of others. Thus 
develops what I might call an "individual distance differential," 

Space becomes a status symbol; the size of the area around an animal 
which it can keep free of others and how far it dares to penetrate 
into the "free sphere" of others, is, among other things, a very 
precise indicator of the social status of an individual within a group. 

THE TIME FACTOR IN DOMINANCE 


The overall motivational state of an animal varies with circadian, 
seasonal and other rhythms and also because of interference by non- 
rhythmic factors. The kind of halo which surrounds an animal as a re- 
sult of keeping individual distance and of ranking is, therefore, not 
rigid but pulsates, as it were, more or less regularly and rhythmical- 
ly. Remembering that this pulsating halo of rank-determined individual 
distance is individual with respect not only to the owner but also to 
its relationships with each individual member of the group, and that 
in this respect the halo resembles somewhat the common field of gravity 
of two celestial bodies, it becomes obvious that the function of space 
in shaping the social interactions within the group is far from being 
straightforward and easy to understand, and that the extension into 
the fourth dimension is partly rhythmically repetitive and partly not. 




Dominance and Territoriality 
as Complemented in Mammalian 
Social Structure 


Paul Leyhausen 


INTRODUCTION 


"One very cold night a group of porcupines were huddled together 
for warmth. However, their spines made proximity uncomfortable, so 
they moved apart again and got cold. After shuffling repeatedly in 
and out, they eventually found a distance at which they could still be 
comfortably warm without getting pricked. This distance they hence- 
forth called decency and good manners." 

I chose this old fable for an opening because it sums up nicely 
four points I want to make. First, that individual distance as a 
phenomenon does not in itself mean mutual hostility; second, that 
even in non-aggressive animals a too close proximity can become very 
prickly, third, that individual distance means a balance between dis- 
persive (not necessarily violent) and cohesive forces; and fourth, 
that, through individual distance, space itself becomes the vehicle 
of social meaning. 

I apologize for introducing my subject from a theoretical angle, 
which IS certainly not the way we ourselves started out; because our 
observations and investigations were primarily not aimed at finding 
out anything about social behavior. But I hope that, by making our 
way backwards in a sense, the broader meaning of the facts to be pre- 
sented may become more apparent. 

FROM INDIVIDUAL DISTANCE TO RANKING ORDER 

There are innumerable organisms which often keep individual dis- 
tance without hostility (for instance, lower marine organisms), liter- 
ally as a kind of breathing space. They may struggle to obtain and 
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a brisk pace from one place to another, the marching order is again 
different: as a rule the low-ranking animals are in front, the high- 
ranking animals in the middle and the others bring up the rear. When 
they go to rest, or chew the cud in the shade over raid-day, again the 
picture is entirely different and depends far more than in the other 
situations on mutual attraction or what one might call friendship be- 
tween the animals. So the whole picture of the spatial relationships 
between individuals in the herd, when observed over the course of the 
day, becomes very complicated and very variable, and from assessing 
only one of these situations you would never discover anything about 
the social structure of the herd. This extends as much in time as it 
does in space, and so it is a time-space structure, a fabric made up 
of both. ’So cannot, therefore usually hope to achieve anything in 
determining the social relationships of a group without taking the 
time factor into account, even with respect to what is traditionally 
called the ranking order or what I call the absolute social hierarchy . 
For instance, the animals which keep together on the move are not 
necessarily those which keep together while resting, because in every 
situation the mutual attractions are different, just as the people I 
like to have with me for a spree on the Reeperbahn in Hamburg may be 
different from those with whom I like to have an earnest scientific 
discussion. Thus the social value of the individual differs widely 
in accordance with the situation; already on this - the cow - level 
this is quite clearly noticeable and must be taken into account, even 
when forming concepts like social hierarchy. But apart from all these 
variations in time and space, one can still say that if there is a 
ranking order in such a group, it is, within the situation and taking 
into account all the other implications of the situation, invariable. 
It is observed by the individuals under all circumstances, at all 
times and in all places. This is why I call it an absolute social 
hierarchy. 


FROM INDIVIDUAL DISTANCE TO TERRITORY 


This kind of ranking order was for a long time thought to be the 
only ranking principle and almost the only principle shaping animal 
communities, especially with such mammals as live in groups, herds, 
prides or whatever they may be called. As opposed to this principle, 
a concept of territory and territory ownership was usually adduced in 
so-called "solitary" mammals. What makes an animal territorial? I 
think one way to approach this question is to imagine what would hap- 
pen to individual distance and the relationship between ranking order 
and individual distance if the ijidividuals were locally fixed. If an 
individual becomes home-conscious, if it attaches itself to one place 
or district, the fact of individual distance will result in an area, a 
fixed area, a geographically definable area, instead of a moveable 
halo around the animal; and this is called territory. Then, of course, 
evolution and natural selection hold of this phenomenon and put 
it to a great number of various uses in different species. If we look 
at territories as they occur in practice in different species, it is 
hard to find a common denominator of the phenomena as they are now. 
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To demonstrate this, I shall give you a short report on an inves- 
tigation which my student Ingeborg Helnemann and I made on a small, 
free-grazing herd of cows (8). The original supposition to be inves- 
tigated was very simple. Animals with an almond-shaped pupil (which 
in the head-low grazing position is practically horizontal) have, with- 
out much movement of the head, an almost fully circular field of 
vision. The idea was that the leader of a herd therefore need not be 
in front but could, at least to some extent, direct the movements of 
the herd, while grazing for instance, from a position farther back. 

To begin with, in order to get an idea which animal might be the 
leader of the herd, which animals might be more dominant and which In- 
ferior, we first had to assess the ranking order among the ten or 
eleven animals by other means - behavior at the water well, at the en- 
trance to the stable, and so on - and then indeed it could later be 
found that an animal approaching from behind could "push" the one in 
front of it and get It to move on with the same ease as a leading 
animal could "pull" another along behind it. But the correlation of 
this capacity to lead was not a straightforward one with ranking order. 
It was found that the "pushing" capacity of an animal was more closely 
linked with rank, whereas "pulling" was to a certain extent, and in 
many cases to a great extent, caused by something we could not help 
calling a kind of personal attraction of one animal to another. In 
this way, the determination of the direction which the whole herd took 
when grazing was a more or less statistical affair resulting from the 
differential of the overall directing capacity (leading and pushing) of 
the individuals. By plotting these facts - how often an animal was 
pulled or could pull another one, how often it pushed other animals 
and was pushed by them - we could obtain a fair measure of both these 
capacities, and by adding them together we found a measure of the 
overall leading capacity of an animal. In this way, incidentally, 
the animal which was most effective in directing the grazing movement 
of the whole herd was not the one which ranked n°l but n°2 because it 
was more attractive and could pull more animals. We see that even such 
an apparently simple thing as the slow movement of a grazing herd of 
cows IS by no means determined in a simple way, that there is no one 
animal which could be designated as The Leader, but that the direction 
the entire herd takes is more or less a result of the interaction of 
all the individual animals and their differential capacity for chang- 
ing the direction of others. There is one more point which I think 
is very significant, although it may seem only a small fact in itself, 
whereas a high-ranking animal cannot normally be pushed by a lov- 
ranking one coming from behind, if two or three low-ranking animals 
form a compact group and approach from behind in this formation, they 
can push the high-ranking animal. So there is also a kind of majority 
rule involved. 

These rules are valid only for the grazing situation. Other ac- 
tivities, as they occur in the course of the day, show an entirely dif- 
ferent picture. For instance, if the herd is panicking from a sudden 
startling stimulus, there is absolutely no leadership at all, the one 
which moves first pulls all the others behind it. When they march at 



DOMINANCE & TERRITORIALITY IN AAAMMALS 


27 


visual perception, the odor narks may play a great role in setting 
the block section signals rather than warning off other animals com- 
pletely, as they are traditionally supposed to do. A fresh nark 
means "section closed," an older mark means "You may proceed with 
caution," and a very old mark means "Go on, but before you use this 
please put your own mark so that the next one knows what to do." 

This is the origin of signposts of this kind being used by many in- 
dividuals in the neighborhood (9). 

THE RELATIVE NATURE OF TERRITORIALITY 


This kind of behavior and the question, when two meet at the same 
place, who has the right of way and who must wait, is decided in ter- 
ritorial border fights, and by such fights it is decided, as in rank- 
ing order fights, who is superior and who inferior. But if you ob- 
serve more closely, you will find that the resultant ranking is more 
or less rigidly fixed to the place where the fight occurred. This 
can perhaps in part be explained by the fact that the territorial 
animal feels stronger the nearer it is to its first-order home, as 
Hediger called it (2), and that its fighting elan diminishes with in- 
creasing distance from its home, so that the relative distance from 
their first-order home at which the two contestants meet might from 
the start already determine the outcome of the fight. This, of 
course,, would explain why a fight which took place closer to the home 
of A would be decided in A's favor, and at this place A would estab- 
lish its dominance, and vice versa. Thus we observe in free-ranging 
cats - and there is a great deal of data on this, it is not supposi- 
tion - that Che ranking order between neighbors differs according to 
place. When neighbors become better acquainted they learn each other's 
schedules, and then seconderily the reeking is also fixed to time, 
so that if an animal, in principle dominant in place X, approaches 
place X at the wrong time of the day, it may lose its superiority. 

So ranking based on territoriality is relative to locality and time, 
and I call this relative social hierarchy (7) . 

When observing cats in laboratory groups, a number of investiga- 
tors, including myself (6), have found that they are apparently unable 
to establish a firm ranking order. When I first published this fact, 

I tried Co explain it by assuming that solitary animals are simply 
incapable of establishing a stable ranking order. This, however, is 
wrong. For instance, within the litter the siblings establish a well- 
working absolute social hierarchy, ranking order in the traditional 
sense. If you observe free-ranging cat populations you will find that 
I’the male cats of an area are also able to establish an absolute hier- 
larchy among themselves by rival fighting. However, this hierarchy is 
'valid only as long as they meet on, so to speak, neutral grounds. I 
;Ciust explain that male cats do not confine themselves as rigidly to 
^their territories proper as the females do, and that their defense of 
*■ — Titory is weaker than chat of females. Frequently, nosCly during 
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Tint- T think if we go back in evolution the common denominator can be 
fLd xn an iLnal which keeps an individual distance - which nay n- 
cidentally become a considerable individual distance - to other ani 
mals, thereby becoming locally fixed, becoming, so to speak, a settler. 


From the outline of mammalian territory as given by Fischer just 
before, it might have seemed to many of you that, by forming such a 
network of pathways and places to live in and a time-schedule by which 
this network is used, the animal would put Itself into a kind of tine- 
space fabricated strait-jacket. But we must bear in mind that by 
parcelling space and activity we turn both into manageable units, and 
that in this way the expanses of space and time become organized and 
are at our disposal. By becoming partially enslaved by schedules, ve 
emerge as the masters of both, and there is no reason to assume that 
in this respect the higher mammals are basically different from man. 


Territory was once compared by Julian Huxley to a kind of elas- 
tic disc which surrounds the animal (3). Neighbors can push the 
boundary and indent the elastic disc, so that the resultant shapes 
may be very varied. The elasticity persists, however, and If any of 
the neighbors become extinct or move away or become weaker so that the 
animal can push them off again, this bend is mended and the animal has 
a tendency, so to speak, to restore the integrity of its elastic disc 
In practice, we see from the start that animals are rather more sensi* 
ble and do not insist on a theoretical circular-shaped elastic disc 
Instead they orient themselves along natural lines in the shape of the 
environment - ditches, ridges, streams and so on - which are easily 
accepted as natural boundaries. Apart from this, in most mammalian 
territories one must realize that the real territory is the network of 
paths and places to visit and use as Hedlger said (2) , on which the 
animal moves around and where it has its activity, and not an area 
side a fixed boundary. In many caaes such a boundary simply does 
exist. This mainly results from a mammal not being able, like a soi^r 
bird perched high in a tree, to survey the whole of its territory sU 
the time, and so territories mostly overlap considerably. In the 
of overlap we can often observe that a kind of traffic regulation is 
installed, that animals making communal use, for instance, of the bon 
der pathways do not do so at the same time, but that one animal coim''S 
there may have the right of way and the other is compelled to wait. I 
you have an opportunity to wander round the countryside where there!'* 
free-moving domestic cats, you can observe this quite easily. You 
very often see a cat somewhere in the surroundings sitting and obsep 
ing fixedly an object some distance away. If you investigate withot' 
disturbing, you will find that in most cases the object is another cs' 
moving along a ditch or path or something you could describe as a 
road. As soon as this cat has disappeared from there, you will 
see that the observing cat gets up and moves off to use the same path 
way It works very like the section block signals on a railway, andi^ 
suspicion is that in many animals which are guided more by their sens^ 
of smell chan cats, whose social relationships are mostly guided by 
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also become positively attracted to each other, not merely through 
the fact of fighting and establishing a ranking order. Within such 
a brotherhood you will very rarely observe open fighting. There may 
be a little display now and then, but this is more of a formality. 

The cases of hard fighting in such cat communities originate when a 
young male in the area starts on the road to maturity. This animal 
will not accept defeat - it goes out for a fight, it looks for a 
fight. If at some time it should become a little reluctant to come 
out and fight, the others of the "Establishment" walk up to its home 
and call it out to fight. After a while the young male will come out 
and fight and will be beaten up severely every so often, but unlike 
the adult male which accepts defeat and finds its grade in the ranking 
order, the ascendant, the young male, does not. This goes on for a 
year or so, and very often the young animals are severely wounded. 

But they retreat to their homes, heal their wounds, and then out they 
go again. So much for there not being a specific drive for fighting. 
There even in animals which have had no relevant childhood exper- 
ience. In fact, such animals lust after a good fight more than the 
others. A single male kitten of a female cat is, when mature, usually 
more aggressive than one raised with siblings. 

The two principles working toward a balance establish a coherent 
community. The cats of such an area are not strictly solitary but 
also have their social gatherings. You can usually observe this at 
night, as I have done for years at intervals in various places. The 
cats leave their territories at times, gather round in certain places, 
and there they sit close together and look at each other; there is no 
fighting, no reproductive activity going on, it is just a social 
gathering. After one or two hours it dissolves and the cats go to 
their homes again to sleep - and this among animals which at other 
times you can see engaged in serious territorial fighting. So again, 
"being territorial" is something which Is also governed by circadian 
and other rhythms within the motivational system of the animal. It 
is not an absolute fact, not a rigid order: "this is my territory." 
Consider a comparison: you invite guests to your home, it is enjoy- 
able, and after a while your guests depart again; but if you wake up 
in the middle of the night and find one of your guests prowling in 
your sitting-room, I think your superciliary corrugator muscle will 
be innervated somewhat. In such a situation a slight frown would 
cross your forehead, if no more. This is the same man you greeted 
very warmly into your home some hours ago, but now you show at least 
some sign of territory defense. He is not expected and it is an 
improper time for him to be there. So you see that the concept of 
territorial behavior also has to be understood in relation to time. 

^And, now, after we had realized the existence of both these 
principles, we saw how they worked together. For instance, in free- 
ranging cat communities there are at least two social spheres, maybe 
more, where there is absolute ranking — within a litter and within a 
brotherhood of adult males - and relative hierarchy in almost all 
others. There are many indications chat both types of sociel 
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the reproductive season but also outside it, they move beyond their 
territorial boundaries and meet in this way on neutral ground. It is 
on these wanderings that the rival fights take place, which may be 
enhanced somewhat by the season of the females, but is not exclusively 
dependent on it. I might mention in passing that territorial fighting 
and rival fighting of the male cat are not identical in internal cau- 
sation. It is the same kind of fighting, no doubt, taking fighting as 
a kind of tool to do something with, but the internal causation is 
different. Rival fighting is clearly dependent on male hormone supply* 
If you castrate a male it will more or less give up rival fighting, 
but at the same time it will become more territorial. I have friends 
who breed pedigree cats; in order to be able to give them a little 
more freedom without the females being bred by stray males from the 
neighborhood, they also keep a huge neutered male. Because of its 
body size it is superior to any intact male and at the same time it 
IS territorial, which intact males in this situation are not. As 
soon as he hears or sees a strange male around, he makes straight for 
It and gives chase, thus being a very effective means of keeping the 
back garden clear of strange male cats. So one must view simplified 
models of male fighting with caution. Fighting can be triggered off 
by not one but a number of different releasing mechanisms geared to 
different external situations. What the hormone seems to do is to 
alter, not the readiness to fight, but the relative balance between 
the thresholds of these releasing mechanisms. With male hormone, 
the threshold for the rival situation is lowered; without male hormone 
this threshold is raised and the one for the territorial defense situ- 
ation is lowered. 

I have said that in the laboratory set-up we could not observe 
such ranking at first, but when the existence of relative social hier- 
archy davmed on me and I re-examined the laboratory situation, I 
found that the cats could very well form a stable ranking order in 
some respects, for instance at the food-bowl, but that in others there 
were still reserves of relative social hierarchy, e.g., with respect 
to resting places. Very rarely indeed will you see a high-ranking 
animal drive even the lowest pariah, as I call them, from its tradi- 
tional resting place. Even this vestigial home is respected and here 
the prerogatives of the other animal stop. 

In free-ranging males, even after heavy fights, the defeated 
male will not normally be driven out of its home; once returned there 
It has a place where it can heal its wounds and where, as a territory 
owner, it is again superior to all others in the neighborhood. So we 
see that in this social set-up there is a combination of these two 
mutually complementary kinds of ranking order, and this works very 
well indeed. After fighting it out among themselves, the male cats 
of such an area know after a while who is stronger and who is not 
quite so strong. They settle for a stable ranking order, then become 
accustomed to move around together in troops of two or three or more 
and form what I call, for want of a better term, a brotherhood. They 
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the bushmen of the South-west African Kalahari, wander around their 
territories in family groups. At nightfall the family erects a wind- 
shield made of branches and shrubbery, behind which they seek shelter 
from the cold night winds of the desert. They erect a different 
shelter every night, just as the chimpanzees build a new sleeping 
nest nightly. The permanent hut of the Andaman people is essentially 
a number of windshields encircling a common central area and touching 
each other at the edges. Thus, each family builds its own "wind- 
shield" part only and is responsible exclusively for the maintenance 
of that part of the hut. Also, starting from the 'Vindshield" edges, 
each family marks out an area of the hut floor with stones, shells, 
etc. , which only the family members may enter without being formally 
invited to do so. 

Animals which are basically equipped with the same kind of "raw 
materials," like innate behavior patterns, will, when the ecological 
need arises, come up with very much the same answers to it. Whether 
you call this homology or analogy is not particularly relevant, but 
the basic behavioral conditions and mechanisms within a mammal simply 
leave only one of two possible solutions to a new problem, or maybe 
two of three, and this is, I think, an undeniable fact in our own 
society also. 

Some people say the claim that such biological structures un* 
derlie even the most sophisticated, most institutionalized and most 
conventional structures in our own societies is socially naive biolo- 
gism. X think such an accusation derives mainly from the fact that 
it is these people who are socio-biologically naive. If one would 
investigate, one would soon find that conventions and all those addi- 
tional institutions have a basis for existence simply because they 
are founded on such very old evolution-determined behavior structures. 
Because of this, it is not possible for an indefinite stretch of time 
to sin with impunity against these, our species-specific properties, 
and if we want to prosper and flourish as a species for a long time 
ahead we must see that we reharmonize our social conventions with the 
biological foundations of our social behavior. 

This also Involves a balance of numbers and density, because Che 
capacity of the individual to take part in undertakings requiring 
authority and the willingness to respect authority (this is absolute 
ranking order) and at the same time to preserve his personal inde- 
pendence, and as such to become an Independently co-operating, a 
self-supporting and self-reliant citizen, is density-dependent. 

These two functions of a citizen in a democratic social structure de- 
pend on a proper balance of the two hierarchical orders. Also, to a 
certain extent, it is not irrelevant which function is governed by 
the one or by the other. I think some of our present social trouble 
and unrest is caused by the fact that, with growing numbers and in- 
creasing crowding, relative social hierarchy is disappearing rapidly 
from the public scene. Majority rule and what we generally call 
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hierarchy are also present in animals which are traditionally regarded 
as governed exclusively by absolute hierarchy. For instance, Krott 
insists that the brown bear is non-territorial (he actually says the 
animal is ’’socially neutral," by which he means "indifferent") (5), 
whereas other investigators have shown that, at least at times, brown 
bears - for instance grizzly bears in this country (10) - are terri- 
torial. So there is a certain flexibility as to where the extremes 
lie, and both ways of life may be realized in the same species. The 
investigations of Altmann on the elk show that these animals have 
group territories in one habitat and apparently none in others (1). 

In other words , the balance between absolute and relative social 
hierarchy is species-specific according to the communal life of that 
species, and within the species-specific limits this balance may 
shift more towards one or the other. 

The effect of crowding on this species-specific balance of the 
two hierarchies is a growing preponderance of absolute hierarchy, 
which eventually becomes despotism, tyranny. The rights, the Indis- 
putable rights of the individual grow less and less, until all rela- 
tive social hierarchy is completely suppressed. This is why in the 
laboratory cat community under crowded conditions you usually do not 
see much of the relative social hierarchy, because under such condi- 
tions absolute hierarchy has a tendency to grow, to prevail and to 
repress the other order. 

It can easily be understood how and why, in primarily nomadic 
species like the higher primates, this aspect of territoriality be- 
comes obscured or is not easily observed. But because of this in- 
herent capacity for both hierarchical orders in I should think almost 
all mammals, the relative hierarchy element starts to become more 
prominent when the members of such a nomadic species establish perma- 
nent residence and thus become territorial. This has probably hap- 
pened in the evolution of our own species when we evolved the ten- 
dency to establish homes . The evidence for absolute social hier- 
archy in humans is so abundant that 1 need not produce examples, but 
the tendency to establish oneself as a kind of territory— owner is 
equally obvious if one only looks for It. I would remind you only of 
the studies of Klimpfinger on kindergarten children and their ten- 
dency to show signs of hospitalism when crowded together in kinder- 
gartens, as was usual (A). This hospitalism could be prevented from 
developing if the children were given an opportunity ^ tiTnps during 
the day to withdraw from the others and to build a kind of "blind 
around themselves to shield the others off - they were allowed to 
move the furniture and their toys and to build little areas, homes, 
castles, for themselves, and nobody else was allowed to enter these 
areas without permission. This is exactly the way in which, for in- 
stance, the Andaman hut originated (11). The Andaman people built 
communal huts, but these are not erected in the way we would plan and 
erect such a building. In order to understand the process, one has 
to know that other primitive, nomadic hunters and food-gatherers, like 
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r^PTipnd for their efficiency on the capacity of 
tte°StizMrfor Independent thinking, informed Judgment and resist- 
afee to urdue preseures. This free participation of equal 
anr their maiority decisions become farther and farther removed from 
the actual issues, eventually being confined to formalized voting on 
abstract party programs of which the majority of the voters are un- 
able to realize the full and practical consequences If they were 
carried out to the letter. Thus we are subjected more and more to 
the tyranny of despots, whether they be personal, In the form of die 
tators, or impersonal, in the form of the "common good," which be 
comes more and more of a tyrant, taking more than it gives. At the 
same time, as a reaction against this, we see the attempt to intro- 
duce relative hierarchy into social areas where it has no place, such 
as family life, schools and so on. It is ludicrous that a pupil 
should tell the teacher how to do his job and what he wants to learn. 
This does not exclude sensible discussion, but it does imply that in 
some fields, for instance the family, decisions have in the end to be 
made by authority and be accepted from authority, and this is as much 
a need of the human individual, and especially of the growing child, 
as is freedom. Freedom can be had only under and because of these 
conditions. By trying to transfer relative hierarchy to the areas of 
authority as a kind of compensation for lost Independence and "terri- 
torial rights" in the public sphere, we are actually undermining the 
very basis of democracy in the real sense of the word. 


Thus, if we do not implement means to control ourselves - not 
only individually, not only on the level of communities, societies, 
states and nations, but on the species level - we may as well stop 
trying to control or manage anything, such as food production, 
natural resources, wildlife, or the moon. There Is no doubt about 
this. I confess that 1 am sick of hearing and reading continually 
of this-control and that-management while there is almost complete 
neglect, in practice if not in theory, of the fact that the main 
question - virtually the all-important question - of management and 
control at the moment is management and control of the human species. 
Everything else will then solve itself, or at least be much easier 
to tackle 
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the community thus is hampered by the nature of its organization. 

The interpretation of such observations is that the presence of 
a "psychologically dominant" species in a community inhibits the use 
of space by more subordinate or behaviorally cryptic forms. When the 
dominants are removed, the other species expand their use of space, 
possibly alter their response to strange objects and are thus trapped 
This interpretation has been confirmed in the laboratory. 

Cryptic withdrawal is typical of shrews (Soricidae ) , and my re- 
cent work with Suncus murinus on Guam suggests that local variations 
in the size of the home range in this introduced species depends on 
its behavioral interactions with the rats (R. rattus and R. exulans ). 
Population structure and reproductive status in the shrew vary with 
home range size, and all seem to be relatively independent of popula- 
tion density, season and preceding patterns of rainfall. 

This all Implies that community composition and organization may 
have profound effects on, at least, the subordinate species; and, if 
we are to develop a comprehensive theory concerning the use of space 
by mammals, we must eventually include the presence of other species 
as a normal variable. Considering that most recent insectivores and 
primitive primates are relatively cryptic in their behavior, the na- 
ture of these interspecific behavioral relationships might well have 
had a bearing on human evolution. 

In view of the preceding account, I would like to ask Leyhausen 
whether the differences in social organization and spatial behavior 
that have been observed in the same species in different geographi- 
cal areas may not be a consequence of differences in the composition 
of the community? 
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^yhoxisen: 

On my recent trip to East Africa, India and Ceylon, In the short 
time available, I naturally could get only glimpses of free-ranging 
leopards. Even so, the contrast In their habits in these different 
regions is striking. In the Serengeti, the leopard seems to be 
largely nocturnal and almost Invariably takes his prey to the lower 
branches of a tree where he can be safe from the interference of both 
lions and hyaenas. In the Indian Gir Forest, the leopard seems like- 
vise nocturnal, but, from what I could gather from the game wardens, 
rarely takes his prey up a tree. This may indicate chat this latter 
habit Is due rather more to hyaena than to lion compctitlonj In the 



Prepared Contributions for 
Discussion of Session I; 
Territoriality and Dominance 


SOCIAL ORGANIZATION AND COMMUNITY COMPOSITION 

K. Barbehenn 

and ANSWER TO BARBEHEHN by P. Leyhausen 

Bopbehenn 

concerned detailed studies on the way animals use space are 
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in the same community.^^'^ modifies the behavior of other species 

take place Ltwecn predat^'’and'Dr'^''*' significant Interactions will 
tltors may Influence each othej but elosely related compe- 

amcng certain small mammals, that H ° /PPsrent . at least 
shrews, voles, and mice mav ini- ^ dissimilar species, such as 
fact was first ^^^^-ental 

course, are hardly suitable for v subjects in nature, of 

tions have been recorded bv verv ^ a ^ observation and their interac- 
trapping. ^ ^ indirect means - i.e., by removal 

If an area of several acres l«s rs- j r 
frequently observes that the several days, one 

initially is caught at a rapid rate s®oms to be most abundant 

second species makes np the bnlk of’the depleted, a 

to be more abundant than the first sn m fact, prove 

may not be trapped at all during the**flrn% ^ fbird or fourth species 
common with continued trapping. Rern<»r„,« few dayg^ 

PP g Recognizing the true structure of 
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oriented behavior which clearly belong In a discussion of territorial- 
ity, Pitelka [12] emphasized that territory is primarily an ecologi- 
cal phenomenon, and defined it as "an exclusive area, not merely a 
defended one..." He was primarily concerned with the economic func- 
tions of territory, i.e., the exclusive use of resources and the dis- 
persion and limitation of the population, and dismissed as irrelevant 
the mechanisms by which exclusiveness is maintained, Pitelka pro- 
posed this definition in a discussion of territoriality in pectoral 
sandpipers, which actually show classical territorial defense, I 
found in Panama, however, an example of a purely "functional" terri- 
tory, maintained without overt aggressive displays. 

Such a functional territory is the core area in the home range 
of a band of coatis, Nasua narica [10], Each band of females and 
young males spent about 80% of the time in a core area which in- 
cluded only about 40% of the band*s home range. Although the home 
ranges of neighboring bands overlap freely, even into the core areas, 
the core areas themselves do not overlap. Even when two bands meet 
in the core area of one band, there is, at most, fleeting hostility, 
primarily among the juveniles. After a brief greeting, the bands 
simply separate and amicably go their own ways, with no attempt on 
the part of either band to drive the other away. Thus we have sub- 
stantial areas where each band has virtually exclusive use, main- 
tained without defense. 

Studies on the Australian quokka (Setonix brachyurus ) have pro- 
vided another example of apparently undefended areas of exclusive 
use [8], Ten years of mark-recapture records of 709 animals re- 
vealed that the home ranges of groups of 25-125 individuals overlap 
to form group territories. Individuals rarely go beyond their natal 
territory. The boundaries of the group territories are stable, and 
permanent changes in group affiliation are rare, even after the popu- 
lation of adjacent territories has been greatly reduced. The quokkas 
ate neither gregarious or overtly hostile within the group territory, 
and no territorial defense has been observed. 

Recently I studied the social behavior of whiptall wallabies 
( Wallabia parryi ) in New South Wales, They, too, have undefended 
group "territories” that are simply avoided for the most part by 
Denbers of neighboring mobs. Each mob had 20-40 members, which ge- 
nerally ranged over most or all of the mob’s home range. The home 
tenges of neighboring mobs overlapped at the edges, and frequently 
the members of the two mobs fed together, without overt hostility, 

In the overlap zones. Nor was there unusual hostility shown to the 
occasional strangers who invaded the heartland of a mob. Two males 
changed nobs during the study, and net no hostility beyond that ex- 
^'iblted within the normal male hierarchy of their new nob. The males 
in each mob have a linear dominance hierarchy, established by ritual 
fighting, which serves only to determine priority of access to cstrous 
females. During the study forage conditions were good throughout the 
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Gir, there is a relatively high lion density, but there are none of 
the spotted hyaenas so abundant in the Serengeti and only very few 
striped hyaenas. In the National Parks of Ceylon, leopards can be 
met out in the open at almost any time of the day, although much of 
their predatory activity still takes place at dusk or during the 
night. On Ceylon, the absence of both lion and tiger makes the 
leopard "top predator." 

However, I should like to point out that many such differences, 
including those quoted by Barbehenn, may have to be Interpreted in 
terms of time schedule rather than actual differences in the use of 
space. Some years ago Eibl-Eibesf eldt kept two stone-martens in an 
outdoor enclosure of about 12 x 18 feet. When he had to go away for 
several days, he put in a number of white rats in the hope that this 
would keep the martens busy and alive until his return. The martens 
certainly caught and ate some of the rats, but the rest of the rats 
found a crevice to retreat into, which they soon enhanced by digging; 
and they adjusted their own activity in the open so well to the rest- 
ing periods in the activity cycle of the martens, that the resulting 
equilibrium persisted for months even in such a restricted space. 

Even where spatial behavior is directly affected by other spe- 
cies sharing the habitat, it does not mean that intraspecific factors 
have ceased to regulate the use of space, individual motility and mo- 
bility therein, and individual claims to certain areas. 

IS TERRITORIALITY DEFINABLE’ 


J, H, Kaufhjonn 

pe seemingly endless variety o£ territoriality in different 
anmals has so fat defeated all attempts to present a single clear 
and generally valid definition. 

simplified Hovard's [9] complex presentation by de- 
fining territory as any defended area," Burt [3] applied this defl- 
iuL >»aamals and subsequent studies have generally concentrated 

Sion IS based ' example, Ardtey's [1] entire review and discus- 

Sion IS based on the concept of defense. 

This purely behavioristic definition of territoriality is espe- 

sSiLS^derlvT? ^‘■e psychological ^ili^^f^the '^ 

stimulation derived from territorial squabbles. Darling [4] intro- 
duced the Idea, Fisher [7] enlarged on it, and others including 
Ardrey, have eagerly embraced it. This cMcept arose’f;™ a gSwing 

airS'tL exL^r -Planations of terfiforj^id ^rff? 

all or the examples coming to light. ^ 

definition is in its simplicity, 

It too, however. Ignores numerous cases of spatially and socially 
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kept to a minimum by the different schedules used by the various ani- 
mals. Exclusive use of the feeding areas is not necessarily of cru- 
cial importance to these nongregarious grazers and browsers, but 
freedom from disturbance while feeding in small areas may be. It is 
not necessary that each animal keep to the same schedule each night* 
rather, exclusive use for a short time can be achieved through avoid- 
ance behavior. 

A somewhat similar situation exists among male coatis during the 
mating period. Adult males are normally solitary, occupying overlap- 
ping home ranges. In the mating period, one dominant male travels 
and mates with each band of f^ales. He establishes scent posts by 
rubbing urine on trees and lianas and viciously drives off all other 
males which approach the band. The scent posts do not keep other 
males out of the area, but they do warn them of the presence of a 
dominant male in the immediate vicinity. The subordinate males avoid 
direct confrontations, thereby minimizing physical conflict. Thus 
dominance relationships serve Che same purpose as spatial exclusion, 
but still provide for the presence of "spare” potential breeding males 
in the area. Exclusive use of the area exists only in a temporal 
sense, but this is enough to insure exclusive use of the resource 
(females) « 

No simplified definition or explanation of territory yet ad- 
vanced can cover all of the related kinds of behavior known, and 
perhaps it is naive to look for one. Territory unquestionably has 
many economic and psychological functions and many manif estations, 
from conspicuous defense and exclusion, to dominance reversal, to 
mutual passive avoidance. The interdependence of territoriality and 
social dominance seems to fall mainly within Che economic realm, where 
they act as related and by no means mutually exclusive mechanisms for 
allocating resources among the members of a population. 
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area but there is some evidence that in periods of drought the pat- 
tern*o£ exclusive mob ranges breaks down at least partially and mem- 
bers of several mobs feed peacefully together wherever forage is 
available. It would be Instructive to know what the dominance rela- 
tions are between the males at such times. 

Enlen 16] attacked the "defended area" concept of territory by 
emphasizing the aggressive aspects of the phenomenon. He defined 
territory as a space "in which a particular bird is aggressive and 
largely if not supremely dominant with respect to certain categories 
of intruders." Thus territory was clearly linked with dominance, 
Davis 15] went a step further, suggesting that territoriality and 
dominance hierarchies may represent poles of a behavioral continuum. 


Recent field studies by Brown [2] on Stellar jays and Willis 
[13] on blcolored ant birds have shown clearly how territory and so- 
cial dominance can be intimately linked. In their examples "terri- 
tory", in the sense of defended or exclusive areas, does not exist, 
neither species excludes conspeclflcs from the nesting area', but both 
show strong social dominance in feeding situations in their own nest- 
ing area and a corresponding submissiveness in the nesting areas of 
neighboring pairs. Thus Brown expressed the territorial pattern of 
Stellar jays as overlapping concentric circles of diminishing domi- 
nance outward from the nest sites, rather than as a mosaic of dis- 
crete territories. Willis made this spatially related dominance re- 
versal more explicit in defining territory as "a space in which one 
animal or group generally dominates others which become dominant 
elflc^here." He also emphasized that aggression is only a part of 
territoriality— submission is just as important. 


There need bo no conflict between the territorial concepts of 
exclusive use and dominance reversal. If we will agree that what is 
important In such cases is the priority of access to resources; 
food, water, shelter, space, receptive females, etc. This, after 
all. Is what dominance hierarchies are all about— exclusive use is 
not neccssapr If the intruders defer to the residents in economic 
avoidance of other groups* ranges by coatis, quokkas 
and vhlptalls can be interpreted as an extension of the submlssive- 
ncss or respect for another's territory which Willis emphasized. In 
• ‘■ESres.lvcncss by the resident nvmer Is re- 

there tl>« even when Incursions occur 

there is no defense or guilty retreat. 


rerrlr^r'l'e';''" l"«<><luced the concept o£ tine ns a 

tcrrltorlnl paronetcr. One application of this Idea cones Iron re- 

ITcloZZ ?h (unpublished nss.) on two 

nacropods Thvlotale blllardlcrl and Wallabla mfoerlsea These anl- 

thJlr "Oil Ltlned runs In 

trails and feedluR areas was heavy, hut direct confrontations were 
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before being used in an experinent. 


The observation cage was divided into three levels connected by 
a ranp. Two shelves, in addition to the floor of the cage, provided 
approxinately 90 square feet of floor space. The cage was illuninated 
by red outdoor flood lights and 25 watt red light bulbs situated with- 
in the cage so that the rats could be observed at night. Food and 
water were available ad libitua throughout the study and one-gallon 
cans and sticks were provided for nesting naterial. The floor and 
shelves were covered with sand and rocks to provide a seni-natural 
environment, and all these naterials were replaced after each expe- 
riment. 


Observations were made during a period which began shortly be 
fore sunset and lasted an average of 90 minutes. Preliminary obser- 
vations indicated that the rats were most active during this period. 
A mean of 2.5 observation days per week was maintained throughout 
the study. 


In each experlnenC, the rats were placed In the observation 
cage at Che sane tine Co avoid the establishnent of territorial 
ership by any individual. Each aggressive or s«ual interaction and 
the tine of its occurrence was recorded, using individual Identifi- 
cation for each rat Involved. Other foms of social behavior were 
recorded as they occurred, and the tine of energence in the evening 
and initial activities of each rat was studied. 


In the first experinent. lasting 96 days, three nale and three 
fenale wood rats were placed in the observation cage and observed 
for 48.5 hours on 34 observation nights. The second ^perinent in- 
volved six fenales and lasted 31 days, during which the rats were 
observed for 23.25 hours on 12 observation nights. The last experi 
rent, lasting 39 days, involved four nale and four f male rats, which 
were observed for a total of 28.5 hours accunulated fron 19 observa- 
tion nights. Two additional rats were introduced into each expert 
nencal group to detemine Che effect of their introduction on the 
social organization of each of Che original groups. 

The results of this study support the hypothesis that ^ 
fron territorial behavior to social hierarchy behavior results when 
wood rats are renoved fron their natural habitat and placed ^ c 
fined groups. A stable doninance hierarchy 

the origin^ nenbers of each of the three experinental groups within 
the firlt week of observation. In each of 

tial hich level of aggressive activity occurred following the intr^ 
duction of the rats into the observation ’ 

the number of aggressive interactions decrease * , , t 

order of the rats in each group appeared to e pxnerienced males* 
size and experience of the individual rats. 

were always the highest ranking or alpha rats. These alpha males 
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SOCIAL ORGANIZATION IN A LABORATORY COLONY 


OF WOOD RATS, NEOTOMA FUSCIPES. 


K. P. }(in8ey 

A study was conducted to investigate the social organization of 
wood rats, Neotoma fuscipes . in a large outdoor observation cage, de- 
signed to test the hypothesis that a shift from territoriality to so- 
cial hierarchy behavior will result, due to artifically increased 
densities in confined groups of rats [4], 


In their natural habitat, wood rats are highly aggressive toward 
members of their own species. According to Linsdale and Tevls, mem- 
bers of this species occupy and defend individual stick houses 
throughout the year [51, Only one rat is found in these houses, ex- 
cept when females have young and for short periods during the breed- 
ing season when males temporarily take up residence with the females. 


presented the hypothesis that territoriality and social 

=■ PPPtlnuum of behavior that is dependent 
hSrat Wera ^ > the individuals arc territorial, 

Sal S''' '‘=‘='>tlate into groups which have so- 

conLnuS'h rS t ““eupt was made to determine if the 

ra?s co^ined 5 oPPlIPd to the social behavior of wood 

1^ Leratlof Incr"’"?' ? laboratory. If such a continuum is 

ijou?d population densities in the observation cage 

shouU result in a shift from territorial to social hierarchy heha- 


III ) I experiments were conducted during the normal 
breeding season of the species and a total of 25 adult rats were 
used in the study. All rats were marked with a commercial hllr- 
llghtcner for Identification and were Isolated for at least one week 
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and sleeping together. Large stick houses were constructed, largely 
through the efforts of the females. In the first two experiments, 
all the rats of the original groups eventually slept together in one 
"communal" house. In the last experiment this was not observed, al- 
though large groups of rats slept together in several nests in the 
cage. 

The six additional rats. Introduced into the three experimental 
groups after the dominance hierarchies had been established, were at- 
tacked vigorously by all members of the original groups. All except 
one of these Introduced rats were persecuted by the other rats and 
relegated to the lowest social rank, similar to the findings of Bar- 
nett in studies of wild rats [1]. These newcomers were often seen 
to be active in the daytime, eating and exploring the cage while the 
other rats were inactive. At night, when the other rats were active, 
these low ranking individuals were frequently observed clinging to 
the screen on the side of the cage or hiding behind rocks or in the 
nest cans, fleeing when they were approached. This avoidance beha- 
vior enabled submissive rats to survive introduction into the experi- 
mental groups. One large male, mentioned above, was able to dminate 
the other rats when he was Introduced into the second and third ex- 
periments and became the alpha individual in both cases, n e 
other hand, another large male in Che first /roup was 

promptly attacked and killed when he exhibited aggress . 

In all the introductions, all the rats in the groups took part in 
the conflict with the newcomers. It is interesting to note PhaP in- 
troduced rats which were submissive were qul/ly ignored ty the high 
ranking males, but were persecuted by some of the lower ranking fe- 
males of the original groups. In one case, the lowest ranking fe- 
male in the groui began a regular pattern of /nd bec^e 

highly aggreLlve when another female was introduced into the experi 
mental group. 

The emergence order of the rats after sunset appeared to be de- 
termined by individual differences in activity an soc 
introduced rats in each of the experiments were invariably first t 
become active in the evening. They were o ten ac ^nart■ive 

sunset, attempting to get food while the other ra s " 

During the initial part of each experiment, the alpha males «ere ob- 
served to become active before any of the ot er ra Antivitles 

groups, in order to be able to perform their Pf 
Following the establishment of stable hierarc 

ceased tLlr patrolling activities and were less despotic than they 
had previously been. They did not become active as early «= they 
had at the beginning of the experiments /t appears that.^after^the^ 
dominance hierarchies had been establishe , e . stable 

actively had to assert their in order t^^ 

form of social organization. J emergence time 

the emergence times of males and «!unaet 

for all Ihe rats in the study was 6.7 minutes after sunset. 
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were often seen patrolling the cages in the early evening, displac- 
ing the other rats from their hiding places and chasing them about 
the cage. Such patrolling behavior, or ’’making the rounds,” has 
also been reported in studies of confined populations of mice {2,6]. 


Males were generally more dominant than females, although some 
females ranked high in the dominance hierarchies. In the two experi- 
ments, which involved equal members of each sex, the alpha males ini- 
tiated approximately 45% of all aggressive Interactions and won more 
than 98% of these interactions. In the second experiment, which in- 
volved six females, a stable dominance hierarchy was established, but 
no individual rat exhibited the degree of dominance equivalent to 
that of the alpha males in the other two experiments. The three 
highest ranking females had neatly equal numbers of wins, but dif- 
fered in the number of losses in aggressive interactions. Later in 
the experiment, a large male rat was introduced. He immediately be- 
came dominant over the entire group, initiating 43% of all aggressive 
interactions for the remainder of the experiment. He also won all 
but one of 187 of these interactions. 


In the third experiment, the highest ranking rats were removed 
one by one at the end o£ the experimental period to determine the 
etteot of their absence upon the social organization of the remain- 
ing rats. In two cases, males which had previously shown little 
aggressive activity, became highly aggressive when the dominant rats 
cases, the individuals concerned 

moved up the social hierarchy and became alpha males, despite the 
''*'0 had previously ranked above them were still 
thesfLl » “ ^PP^crs that the aggressive behavior of 

in tL or^i ccppressed by the presenee of the alpha males 

archv HhL"th appeared to rank low in the hier- 

mSs'ha?S f the group, the other 

moiruS to a dominance and were seen to 

only in oaif devatlon of rank occurred 

any of the females occur among 

of defeats from higher rankinn suffered a number 

were removed, they became ver? aggresslv^aid"™ "n "“^“i 

teractlons with the other ratL “ "“a all aggressive in- 
study. Host of these Ste?actlons''o”''"^a”a observed in the 

tion of each experiment, before the fo™Ir? “"e"® mrcial por- 
hlerarchles. After stable dominate hSaicM 

there was a gradual decrease in M,« were established, 

sive interactions, until eventuallv intensity of aggres- 

one or two interactions p^r^ft iSe obs^" 
night. Accompanying this decrease in tte”elr„f 

was an Increase in the number of nonaeycL^ ^ ^ aggression, there 

The rats became more tolerant ll eacf oSer'IL'^'"' interactions. 

n ocner and began grooming, eating 
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Only two copulatory attempts were recorded and no reproduction 
occurred during the entire study. This lack of sexual activity was 
attributed to the high population density among the confined groups 
of rats in the observation cage. The despotic rule of the alpha 
males during the early phase of each experiment discouraged the es- 
tablishment of individual territories and houses, which may be es- 
sential to normal reproduction in this species. Later, when the rats 
became tolerant of each other and slept together in groups, they ap- 
peared to show no sexual interest in one another. 

The increase in tolerance among members of each experimental 
group, especially the communal nesting behavior and the hostile re- 
action to newly introduced rats, gives cause for speculation as to 
the possible existence of a cohesive social "bond" among the members 
of each group. This bond probably was the result of the establish- 
ment of a dominance hierarchy type of social organization based upon 
mutual recognition of individuals and their social ranks within the 
groups. This individual recognition may have been dependent upon vi- 
sual and olfactory cues and might have involved a specific group 
odor which enabled members of the group to distinguish strangers in- 
troduced into the groups. In each of the three experiments, intro- 
duced rats were immediately recognized and attacked by all of the 
rats, while very little renewed aggression occurred among the mem- 
bers of the original groups. The original group appeared to be de- 
fending a common group territory, represented by the entire observa- 
tion cage. The possibility of a group odor is further supported by 
the fact that all of the rats urinated and defecated in certain 
group-dunging places to mark their territories. 


In conclusion, wood rats, like many other animals, have the ca- 
pacity to adapt themselves to confined situations through the forma- 
tion of a dominance hierarchy type of social organization, despite 
the fact that they maintain separate territories and are quite ag- 
gressive toward members of their own species under natural conditions. 

s ype o soc al organization has great survival value to a spe- 
IndlvIHual' ‘ aggressive tendencies of each 

the establishment of dominance hier- 
Sllirjb decrease in aggressive Interactions, en- 

In i doSLic M s'"” “exist peacefully in close confinement. 
Sze tci other- ^"‘‘tvldual members are able to reoog- 

sme tlm 1= minimized. At the 

same ttae, newcomers are recognized and driven away if possible. 

"nrenUfflL » dominanci ilararcS as that 



DISCUSSION OF SESSION I 


47 


Space demands may be seasonal as seen in the marine iguana 
( Amblyrhvnchus cristatus ) of the Galapagos Islands. The males set 
up and defend territories over a period of from two to three months, 
then leave their territories and form loose aggregations. Following 
this the females move to nesting beaches and exhibit aggression to- 
wards one another in regard to nesting sites. 

Brereton: 

I would like to address Dr. Leyhausen in his remark that terri- 
toriality develops from a hierarchical system. I find that rather 
implausible. From what I have seen, not working with mammals but 
with birds, I am inclined to think that, at least sometimes, terri- 
toriality is the basic phenomenon from which some other kind of so- 
cial system (moving toward a gregarious, flocking type) is the more 
likely evolutionary sequence. With cats, as he has described them, 
it is a basically territorial system, and the evolutionary conse- 
quence of the need to adapt to a different distribution of resources, 
more widely scattered, would take us away from territoriality to a 
more flocking kind of system. I realize that this does not accord 
with what our chairman has said: if you take an animal that has a 
territorial system and constrict it, then you get a hierarchy. 

Leyhausen might have considered a greater range of social sys- 
tems, He mentioned ungulates and larger groupings, and seemed to 
suggest that we could look at them from a territorial kind of stra- 
tegy. To this is not so. We move from territory to an inter- 
spersing kind of system which is hierarchical without geographical 
efense (there is population regulation in it, but it is not geogra- 
^ snd then towards highly gregarious flocking species where 

Inhere is little population regulation. In this conference, we extra- 
5^4 ® rats to man, from cats to man, from mice to man. In^ 

his sense we should be able to extrapolate from the highly territo- 
ial gibbon, at one end of the spectrum in sociality and regulating 
exactly in the population sense, to the promiscuous chimpanzee and 
Sorilla at the almost other end of the spectrum. I ask you, where 
°oes man fit in this spectrum of adaptations? It seems to me, he 
es well towards the promiscuous gorilla end, and has, as a conse- 
®uce, little capacity to regulate his population size. 

^yhausen: 


not question, I should say that, of course, we do 

first, the hen or the eSS- ^ 
taini one way for a given species and not the o . 

know in moat cafes. 1 should not commit myself exclu 
if *^*>3 other, both types of adaptation mast be 

I" posalble a more or less vagrant species to 

S’^vater Individual distances, whereupon indl 

““Ve or leas, locally fixed, settled. It can also happen the 
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P Leyhausen, R S Peterson 


Carpentev 

attempt to de- 

Inrta distance shortly after birth or hatch- 

ing as evidenced by aggressive displays. Population structure In 

Tu SlLfhlsI '-p'tPPiPlity -Th: mau tS 

these visual sion 1 posturing and displaying, thus using 

sivl disouis t his defense of spate. The aggres- 

ptueris! TherL/r ilsplay-actllS- 

a species isoUtlng recognition and thus function as 

movenStrustt'’it’''c™t«hT wTr 

responding m males. ^ ^ males and by females and juveniles 

When such species are 

natural density, territorial ^‘^^^losures in numbers exceeding 
also described) with one male^™t'''‘L““^ despotism (as Leyhausen 
Hierarchies usually do not exist “''c “'^’'®rs. his subordinates, 

there Is an Increase in actlvitv’nf .t" “ '^°“r"ant la removed, 

nant arising. Such shifts of other males with a new domi- 

There are certain postures ass^dT'"! repeated many times, 

viduals which appear to act as w-tc ^ ‘dominant and subordinate Indi- 
The dominant of territory holdmtr ” i social interactions. 

In most Iguanid lizards, the feSlo« !k to more females, 

in the territory of a particular mai aggression and live 

females in a territory, givine rls*. r* often two or three 

If such lizards are crowded S a cace° ® lizard harem, 

parent. ® * ®^oh despotism may not be ap- 
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non-territorial. I believe that the question is largely one between 
the different interests of ecology and ethology. In terms of beha- 
vior one is interested in psychological processes of defense, in 
terms of ecology one is interested in spatial divisions, Wynne- 
Edwards, in his quite wonderful work, is obviously looking at terri- 
tory in terms of its consequence on spatial division; whether it is 
divided by avoidance or defense is not greatly material. From the 
behavioral standpoints, however, in such questions as we are speak- 
ing of here concerning dominance, the problem of defense is greater. 

I am not here to answer questions, I am just here to ask them; and 
I think that everybody who is involved with animal behavior should 
give more profound thought to the definition of territory as we are 
using it these days. 

Leyhaxisen: 

I should like to make one more point. In the lecture I stated 
specifically that I take it for granted that, on the evolutionary 
level of mammals, the capacity for fighting is always present; and 
if the species under consideration has this capacity, it is almost 
invariably implemented, along with other behavioral mechanisms, for 
keeping social distance. But it is possible to keep social distance, 
individual distance, without fighting. I am, in principle, opposed 
to a definition of territory as something which is kept free of con- 
specifics exclusively through fighting. I think that an animal, 
keeping Individual distance, can certainly dominate an area and be 
territorial in that sense without defending it violently. For in- 
stance, Koala bears do not fight but disperse until a certain indi- 
vidual distance is achieved; they avoid proximity. On the other 
hand, I would stress the following point: We know that at least 
some higher mammals, such as deer, (from the work of Graf, Dasman, 
and Taber), are capable of tradition and also of transferring social 
status by tradition from parent to child. Territory in some mammals, 
as I have demonstrated, has to be defined in time as well as in 
space, and investigators must design their methods accordingly. If 
we find, by observing animals for only a few hours per week, that one 
week at 12 o'clock Rhino A was in the observation area, and that the 
next week at 14 hours Rhino B was there, we simply must not conclude 
that rhinos are not territorial. For all we know, the territorial 
fight might have taken place fifty years ago. We will not be able 
to say anything about the social structures of long-lived animals, 
such as rhinos which live for thirty to forty years, before we have 
a conclusive and complete study of at least one generation in one 
given area. The grandparents of the study animals might have fought 
over it God knows when; anybody who goes into an area for three months, 
observes a few hours per week, may very well never be eye-witness to 
^ fight, since rights established two generations ago might still be 
respected. He would certainly make some very interesting observations 
- and please let no one make Che mistake that I do not esteem my col- 
league Rudolf Schenkel, I do. On the Issue of studying Rhinos however. 
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other way around, as Davis has shown in the Crotophaglnae , and I have 
also left out the more complicated cases where large populations 
tend to establish subgroups, and where the individuals not only have 
to cope with individual distance but with inter-group distance as 
well. What I gave here was a very short review, and I had to leave 
the embroideries out. 


With regard to man, I must say that, from observations on human 
groups and societies, we are certainly justified in saying that the 
two principles (territoriality and dominance) are operating there 
too. But their extent, the areas in which and the limits within 
which they are operating are unknown. We must also take into account 
the "under-cover", subversive, unobtrusive ways in which they often 
operate. Before anyone notices that there ^ something going wrong 
in society, one suddenly suffers from the symptoms. And, since we 
do not see the underlying principle, the Illness remains unknown, 
and the symptoms are treated as if they were the illness itself. 
Because of this symptomatic treatment, we will never effect a cure. 
All these things have to be studied, and I want to instigate the 
feeling that such studies are more urgently needed in our present 
situation than anything else we could do in science. 

Ardrey: 


tersst "Ith Leyhausen. Since my In- 

Jm^rative much with what I have called the territorial 

and more to be expected to disagree, I come more 

dominance. Territory motivation is one of 
uhlch may or may no?^be an expressl^nra 

it looks to me - If „e arc over others. But 

the horse Is probably domInLce. ‘ 

Leyhausen as reaUy*'wfoK’the’Antaal'BV°/‘‘^ 

Which has been bothering me for ^ Behavior Society the question 
the behavioral scientist «5 Ho ^ years, and which I do not think 

as yet. As „e have oom^to conclusion on 

more about territory and its toi h ^ ciore and think more and 
Noble definition of terrltorv a ^“mimance, we find our old 

quate. I find that there at-o ended area more and more Inade- 

thought concerning territory which different areas of 

my mind quite unnecessary, oartlrni i ^’^bo numerous disputes, to 
a territory because it is defendoH Pt'lmate reports. Is it 

is exclusive? I think it was ^ territory because it 

this up, and Struhsaker, in his ^959, who first brought 

year. We continually find prlmat*. work, repeated it last 

species isn't territorial because saying; "oh, a certain 

docs not defend for the simple reascm”*tk'*^ defend " Well, it 

tory is established by avoidance - t->.< a intrudes. Terri— 

this does not make the animal 
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further observation to get an answer to that. 

The second question is* why should territoriality and dominance 
occur in other species that live under apparently similar ecological 
conditions? Why do different species consistently exhibit two dif- 
ferent patterns. And I might add that in our studies we don't see 
a transition from one system to another depending on crowding. As 
far as we know, in fur seals and sea lions territoriality is exhi- 
bited under all population densities. Similarly in elephant seals, 
apparently even when the population is very, very low, and a new 
area is being invaded, the dominance system continues to operate. 

It does not look as though we get the change from one to another. 

Why do they occur then? Habitat requirements may be important. 
For example, one species holds out mostly on sandy beaches, the other 
on rocky ledges; and maybe different geographic requirements may af- 
fect the system. I must emphasize my major point, that further ana 
lysis of the natural environment is indispensable. 


Kinsey : 

In contrast Co the behai>ior of fur seals discussed by the pre- 
vious speaker, my work with wood rats (Neotoma fuscipes ) ® 

(see prepared discussion on page 40) that a shift com terr or a 
ty to a dominance hierarchy can be induced when groups of rats are 
confined in a large outdoor observation cage. It was observed that 
this shift resulted in a gradual decrease in aggressiveness, 
panied by an increase in tolerance among Che members of three experi- 
mental groups observed in this study. This was especially evidenced 
by the fact that all Che rats eventually began sleeping together in 
"communal" houses near Che end of each experiment, esp e e 

that they maintain and defend separate stick ouses n e 

Throughout the study each experimental group appeared Co have 
established a group territory and there was evidence of a co^on 
group odor, which may have been Che result of n eep ng g 
urinating and defecating in certain group /“"Sing 
Introduced rats were quickly recognized and "sre ^8 V 

by all members of the groups, especially bhe a p ^ ™ Wv'ihp remo- 
blllty of the hierarchy of a group could be disrupted y 
val of Che alpha male. In one experiment, female ranked 

second and another female ranked fourth in t e om emergence 

removal of the alpha male, the order was lirrirbe- 

°£ the third ranking male as the new alpha individual This jat^be 
came highly aggressive and defeated all ibe o , , When * 

including the female who had previously ran e a Qj-.-jeally ranking 
these two rats were in turn removed, “"“ber male, orlginallyjanklng 
fifth, became highly aggressive and becOTe t n ^ P ^ 

Bests that certain individuals within the gro p y evidenced by 
pressed by Che dominance of the original alpha male, as evidenced by 
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I think he is wrong. If we want to study the social structure of an 
animal which lives almost as long as we do, then we have to plan our 
study for a lifetime. For social structure exists in space and time 
- and very much in time. 


Vetevson 

I am very intrigued by the idea that territoriality and dominance 
systems complement each other. The concept that they have complement- 
ed each other evolutionarily is an idea that is particularly intrigu- 
ing to me, because I have recently completed studies on closely re- 
lated animals, pinnipeds, which demonstrate the two systems. 

Both patterns are illuminated with unusual clarity, territoriali- 
ty (sight-fixed) in one species, and a dominance hierarchy system, 
for which there is no sight-fixing, in the other. In the California 
sea-lions and in the Northern fur-seal, spacing is accomplished by 
sight-attachment, territories are dependent. In the Northern ele- 
phant seal and apparently m the grey seal, strict tendency to par- 
ticular sites 18 replaced by a ranking system, in which individuals 
restrict their activity m space and time relative to the position 
of other familiar animals. 


systans occur differently’ This has been a 
tuc points 

t»o systms”oeour. ^ '''^"Wng about why the 


behavioral ^ won't be able to adequately understand 

teirltoSirtrrd advlsedly) as complex as 

en"r™ent at studied In their natural 

tors Zoh occur “ dW IT 

only in the ZZa'l 

the ecological or behavioral 

ily be dissected. Laboratory ®an most read- 

system but not the kind of OTalysls ie need daatription of the 

seals, sea lions'” (plnnipeas\n°DtZ “““S the mammals, the 

and observable examples of tVid.c words) provide extremely good 
the most readily studied among operation, perhaps 

What kinds of imDlifaf<n«,. j 

have’ In the first place, whv these pinnipeds 

their breeding grounds rather tha space themselves across 

of ecological functions might tMc ^S^tegate haphazardly? What kind 
small area and therefore space- llm they crowded into a 

this behavior represent some kind f folding territories’ Or does 
which may instead be limitlne nn™.i . territorial imperative 

‘S population growth’ I think we need 



Theories of Animal Spacing: 
the Role of Flight, Fight 
and Social Distance 


Glen McBride 


SPACING BEHAVIOR 


The field of animal spacing Is a difficult one, with ll“le 
agreement on the Interpretation of field data, and no single theo- 
retical framework which Is universally accepted, pere is "0 13 =^ 
of theory, and the contribution of any speaker is influenced by hU 
own views on the whole subject. Because of this, it seep deprable 
to give a brief outline of my own interpretation of spplng phep- 
mena, incorporating the specific topics at the appropriate points. 


The tendency of animals to space relative to pnspcipcs p 
an extremely general feature of social behavior. Spaclp Is the 
maintenance of areas free of other animals, most commonly, consp- 
clflcs. Alternately, animals may be free to 

there are restriorions on the behavior they py em w P * 

The free area may be fixed in space as some form of 

nay be portable, so that animals merely keep others fpm pppachl^ 

within a certain distance. The restrictions p entering pac 

Ing areas may apply to all conspecifics, or rtpe mp 

Erees of exclusiveness. Thus a male may exclude only ’ 

adnitting females or young, or both; alternat ve y . 

tty only by certain females, those with whom he s 

Aggression Is the most common behavior upd 
areas. It nay be overt, or formalized Into from 

ance. The stimuli releasing aggression are never s p > 
cappclfics, but always include a c^J-en^ 

neighbor must be within the spacing area. difficulty 

at aggressive stimuli Is so general, that one ^aa ll“lP^«fficulty_ 
In arguing that Intraspeclf ic aggressiveness e 
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the fact that they were seldom seen active and suffered many defeats 
in aggressive interactions with the higher ranking females, until 
the alpha male was removed. 

Carpenter: 

I believe that this discussion has brought out some interesting 
points which can be readily summarized: 

Territoriality and dominance hierarchies often complement one 
another, but present the question of which came first, if indeed one 
had to be first. Both appear, perhaps in different ways for differ- 
ent species, to be related to space availability and space utiliza- 
tion for both individuals and groups. Differences in interpretation 
may arise relative to a strictly ecological (space) approach or a 
strictly ethological (defense) approach. It was pointed out that 
time IS often a very important parameter in this problem. We are 
left with the question, "Is Man, as an animal species, regulated by 
these phenomena of territoriality and dominance hierarchy In the 
same way as other animals?" 
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The third pattern of spacing is found in animals living in 
groups, the gregarious species. Spacing is still present within the 
group, with individuals maintaining personal field^s and avoiding en- 
tering the fields of neighbors. (The personal field was originally 
called a social force field [9]). These fields do not have an equal 
radius in each direction as do the personal spheres, but are greater 
directly in front of the face. This was demonstrated in a flock ot 
domestic hens, where most of the birds* mov^ents were concerned with 
avoiding the personal fields of dominant neighbors [13]. 


To simplify terminology, personal area is used to refer to either 
personal spheres or fields. Personal spheres refer to the area around 
solitary individuals or Isolated affiliated groups on home ranges. 

The personal distance refers to the distance from an animal to the 11 
mit of its field or sphere. 


Organization of Societies in Time 

Animals do different things at different times. Each chese 
periods of activity is functional within the species, so that we may 
say that animals divide social labor in time. To make =^hnges 

in activities, animals generally change the "ganicatlon of their so 
cletles, for each form or organization evolved separately as a setting 

for the particular functional activity. f-jividual 

at the sLial level arises from organized hahavior at the indlvldual_ 

level. One Important component of the sividuals varying their 

male is the spatial architecture, with Che 

spacing behavior in each. We cannot equate ^Patial with factional 
organizations, but we can hardly doubt that e p . g There 
evolved as a functional setting for the particular *= 

are two main types of social organization in time, the social ph ^ 

and subphase . 

social phases are major divisions of of"'"' 

mental reorganizations of .^uguallv seLmal. There 

time, certainly longer than a few days --nn And one for the 

is usually a sLial phase for phas^ separating 

non-breeding season. There may th^ breeding season, 

these. Animals commonly take up their activities, 

perhaps only for nesting, but sometimes cq- the rest of the 

The same species may then ’^=°^8unlte into gr P animals, 

year. If there Is any f acerLkve when breeding, 

particularly males, tend to become mo ly enforced during 

This also means that spacing tends to be strongry 
the breeding phase. 

Rtlll order their behavior 

Within these social phases, . gregarious species, 

diurnally. This Is seen in both of behavior Into a scries 

but. In the latter, there is oup is associated with a 

of social subphases. Each activity o 
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cifics spaced for any of the many functions served by spacing. 

Animals normally have responses which prevent aggression by 
neighbors, or halt it once it has started. Me call such behavior 
submission . The most general form is avoidance or flight to the 
edge of the controlled space. This may be to the border of a ter- 
ritory or to the limits of a personal area around the individual. 
Flight is less appropriate among animals living in groups, and these 
species have generally evolved alternative forms of submission, often 
involving "out of context" behavior, usually sexual or infantile [9]. 
Submission is only seen within the distance at which conspecifics 
constitute aggressive stimuli. Flight removes subordinates from 
these areas, while the other submissive behaviors enable neighbors 
to remain within these areas without evoking aggressive responses. 

SOCIAL SYSTEMS 


Spacing IS observed within the normal context of animal societies 
and is responsible for the characteristic patterns of these societies. 
A minimum definition of an animal society requires that animals are 
distributed non-randomly in physical space as a result of their spac- 
ng behavior to conspecifics (10). There are many spacing patterns 
appear to be variations on four main 
themes, and these can now be discussed briefly. 


Spacing Patterns 


flxed^Le7(or!r«: restrict their activities to some 

elude others from th!. th aggressive behavior to ex- 

cate to potential ^ ^rea, with the borders marked to communl- 

system. Other animals defend Lea defended territorial 

sity of defense the area around a nest, with the Inten- 

overlapping territorial svstLi'^^ distance from the nest, to give an 
called peek de«i„ance »hen they meerrtf 

Where the encounter takes ^ dominance then depends upon 

or territorial centers tLIe!" neighboring nests 

of any of the territorial seems that the essential feature 

aggressive behavior of the ter^t * stimuli which release 

from its conspecific, but animal are not simply those 

fixed space, ® position of both animals on 


Other species attach to fiToa 

it. They remain solitary (or ac e ®^^as of land but do not defend 
others using the same area from groups) by preventing 

in any direction, that is thev within a certain distanc 

the home range systaT n, „here an ^ ^ personal sphara . This is 

the portable personal sphere is range is used, but only 

vloral terms, the stimuli releaainr"^®'^ against intrusion. In beha 
preaching animal ^ its distant"® behavior are the ap- 
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The third pattern of spacing is found in animals living in 
groups, the gregarious species. Spacing is still present within the 
group, with individuals maintaining personal fields and avoiding en- 
tering the fields of neighbors. (The personal field was originally 
called a social force field [9]). These fields do not have an equal 
radius in each direction as do the personal spheres, but are greater 
directly in front of the face. This was demonstrated in a flock of 
domestic hens, where most of the birds* movements were concerned vith 
avoiding the personal fields of dominant neighbors [13], 

To simplify terminology, personal area is used to refer to either 
personal spheres or fields. Personal spheres refer to the area around 
solitary individuals or isolated affiliated groups on home ranges. 

The personal distance refers to the distance from an animal to the li- 
mit of its field or sphere. 

Organization of Societies in Time 

Animals do different things at different times. Each of these 
periods of activity is functional within the species, so that we may 
say that animals divide social labor in time. To make these changes 
in activities, animals generally change the organization of their so- 
cieties, for each form or organization evolved separately as a setting 
for the particular functional activity. Naturally, any organization 
at the social level arises from organized behavior at the individual 
level. One important component of the societal organizations of ani- 
mals is the spatial architecture, with Che individuals varying their 
spacing behavior in each. We cannot equate spatial with functional 
organizations, but we can hardly doubt that the spatial structures 
evolved ajs a functional setting for the particular activities. There 
are two main types of social organization in time, the social phase 
and sub phase . 

Social phases are major divisions of societies, involving funda- 
mental reorganizations of behavior in animals for long periods of 
time, certainly longer than a few days and usually seasonal. There; 
is usually a social phase for the breeding season and one for the 
non-breeding season. There nay also be a migratory phase separating 
these. Animals commonly take up territories in Che breeding season, 
perhaps only for nesting, but sometimes for all of their actlviclca. 

The some species may Chen reorganize into groups for the test of the 
year. If there Is any generalization possible, it is that animals, 
particularly males, tend to become more aggressive when breeding. 

This also means that spacing tends to be strongly enforced during 
the breeding phase. 

Within these social phases, nnlnala still order their behavior 
dlurnally. This is seen in both solitary and gregarious species, 
but, in the latter, there is synchronization of behavior into a scries 
of social subphnscs. Each activity of the group is associated with a 
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different structure rn space; the common subphases are movement, 
sleep, resting, body care, alarm and feeding. Social subphases are 
the basic unit of social organization for gregarious animals , and 
whenever we talk about spatial structure, we specify a time, and thus 
a subphase. 


Organization of the Behavior of Animals 

Organization of animals at the social level depends upon organi- 
zatlon of the behavior of Individuals. In particular, the spatial 
structure of societies depends upon the organization of spacing beha- 
vior among conspecif ics . If we examine the behavior of animals, we 
see a hierarchical organization at a number of levels , of which three 

viduals profoundly affect spacing between Indi- 

viduals. These levels are caste , role, and intLactLn . 

bv lone^tpTv^o^'a^ major organic organization of behavior, maintained 
each There are three types of caste, 

vlduals and a dime ThhhT organization of the behavior of Indi- 

types^:j -ttS lr^:ire: fexr^nf 

castes, as they^grow^and^maf^^^^^Tw°^ reasonably discrete stages, or 
In each to adapt them for of animals is organized 

There are generally also moroholo^^ i particular age. 

Ing caste changes; for examnl^i ogical changes accompanying and mark- 
pass from infants to luvanii^.c* primates change color as they 

nolts. ^ eniies, and birds undergo a series of feather 

usually much\orf thau'^ttas °*,’'oPPoduetIve labor, but it is 

most vertebrate species Is dtff behavior and morphology of 

When this occurs,\he sexL ar^rS tn males and iLales. 

cial labor of the sexes irdSLeJ ■=‘»’»:bs. When the so- 

toire is the same, then sex is not reper- 

tlon. Here sex is only orgaiize^a^ caste differentia- 

complementary division of ISorL^ “ The unequal but 

Izcd for a different way „£ l«e " T sex erg an- 

behavlor affects all types of LciS This difference in 

"Ith mating Httle Is in any 

inappropriate, for these hormones are p , ?® hormones" is 

only a small part of their effSL! “Oganlzers, with sex 

^--:rci:Lg~ - =o„cerns the adult, 
separate c2tL“l“the°L«dl°^‘‘T^^ PhosL .'^Snf the 

dJf?^re«1“ -rgSarSLT ^ = 

In morphology as well as in beha^Lr!''"™'*^ are often 
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It can be seen that the tem caste is used here in the s™®® 
an organic division of labor between individuals, as it is used in 
Se Scial insects. It is differently used by sociologists and an- 
thropologists. 

We can hardly consider Che spacing behavior of animals without 
reference to castes. The spacing between individuals of each caste 
is usually different, as it is between members of different combina- 
tlorof Lftes. Because of this it is usually possible to use spac- 
ing as a minimum objective definition of caste. 

The spacing behavior of gregarious animals is constant within 
each social subphase, changing with subphases. “^arm 

spread out while feeding, or aggregate in f crgaSS’ 

resting, or when moving. The behavwr of individuals is 
differently in each subphase, both in spacing an P 

of interactions available to members of each ^ 

is used to describe this organization or?he 

changing as a result of role changes. There is a limitation on the 

raS ci interactions in each role, thus spares, 

vior are not seen in the movement or alarm su p 

The roles of animals are determined mainly by caste and to some 
extent, social rank. The alpha animal r’ 

clal role in each subphase. A dominance , j, may be little 

set of dominance-subordinate relationships , ( alpha 

more than this in small confined Stoops .Particularly^ln^the^alpha 
rank, dominance contributes only a smal p leadership sen- 

in which it may be compounded with such behavior 

try duties. Initiation of subphase change, group defense and terrl 
tory maintenance, in an organized system o ro 

The next level of individual °tganlzatlon^ls^the^lnteractlon.^^ 
Interactions are programmed sequences ^ntLactions are initiated 
than the subphases in which they occur. others' personal 

by alerting responses as ^“r^oncern^dtltrLpeinng the 

areas [11]. Agonistic interactions a either case a 

opponent from this area or forcing him j thereafter cx- 

donlnance-subordlnate relationship Involve conciliatory 

pressed spatially. Other remain without each 

or appeasement behavior, enabling an behavior in prebond 

other's personal areas, examples allogroomlng , allo- 

or precopulatory courtship, or between Llmals serve a wide 

preening or nllofeedlng. „ spatlnl structure, including 

Tange of functions, but they all hove P 
orientation. 

The important point is '’®^“^ 5 "unlt“^wMch°provldc the or- 

Pnlts at various levels, and it “"“'e "re cLtc. role and 

gnnlzntlon of animal societies. The units here or 
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interaction; though smaller units may also be described. Each of 
these units specifies sets of behavior at lower levels of organiza- 
tion and imposes restrictions on other types of behavior. Thus 
caste specifies sets of roles available to gregarious animals, while 
roles specify sets of spacing behavior and repertoires and interac- 
tions. It seems important to identify units into which behavior is 
organized, for one often sees such terms as sexual, aggressive beha- 
vior, or innate and learned behavior. In these cases, what is de- 
scribed are rather heterogeneous categories of well organized inter- 
actions, or highly confounded coding systems, I can find no unit of 
behavior called aggressive or instinctive, yet one can see many types 
of Interactions. Some of these may be aggressive, but include sub- 
routines borrowed from feeding, nest building or sexual interac- 
a2e^esslv^*^^^^^ component is appropriate and a regular part of the 


Group Structure 

flockmates^is^lLR^i-h^^^^k^* states that the distance between 

groups ara not simple congregalionrof“”°^^' exceptions, 

formed and maintained aot!ve!v bv Lfn 

exception is the shoal p afflliative behavior. The important 

may be closed to var^L^deg": affiliated group 

within a closed group is callAH I telationsbip between animals 
group members may be a crmm stimuli which identify 

dual recognition! ^ ^ or there may be indlvi- 

Meabers of affilinr 

conspeciflcs of each caste ^one**wirb'^Fy”f relationships with 

atrangers. Personal fields ar. It; ^>6 other with 

there is a large group personal s h" within the group, while 

by atrangers. Thus the grow Lt" maintained against intrusion 
other conspeciflcs are ntrmlllt “ aggressiveness: 

aphere. I„ this way groups rmait df bbls 

ness of membership. 'Jlaorete and maintain exclusive- 

Hcmbershlp of a Broun b , 

a JO£laldlBtanoe, defined by HldSlt by the observance of 

loie ti y Erolp fat “ ' ■Iratance an ani- 

Z SOM betwewX „L '=«earious animals normally 

dUralctt aeighbors and 

anr bp t ^ Ob a of fhese two 

P ■‘oceristlc spatial architecture 

The indlvl riiisl dlatnns 

°"0 paTtlcular fora tf'Se ^otlned by Hedlger fsl 
restlnff «stiK«k- . ™ personal [5] appears to 

contact a constwt w "-oasured durlug the 

contact and distance species. depSw „ animals Into 

log upon whether or not they ob- 
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served individual distance. However, the difference appears to de 
pend upon the shape of the personal field. If the field exten s 
?he siL as well as to the front of the animal, then an individual 
distance is seen when the animals are resting. But, when the per- 
sonal field is only at the front of the face, then neighbors may 
come into contact Len resting. Yet, they still do 
tact in the face to face orientation; that is, they still maintain 
the personal field in front of the face. 

It is in groups that we see the most complex organization of 
spacing bLLlL. Firstly, there is a separation from other groups 
WUhln^he group, each subphase has a characteristic set °£ 

and social distances for animals of each ^J^^bors of each 

ships with others of the same caste, and also neighbors of each 

othL's caste in the group. The result is a separate array of spac 
ing distances in each subphase. 

In small groups affiliated on the basis of 3 " 

tion, two additional types of spacing behavior ^ 
flock of 15 hens, Che alpha bird tended to P™”” , distance 

?„T^rrreiio=r:ri:nsf ::rbirm:::d over a 

pen, so that it only came into contact with 

with which it had -^-established d^inance relationships [1 1 . 

Within such complex spacing structures, ri31 

avoid entering the personal fields of dominant neighbors [13J. 

This relationship between dominance and 
a general one. An individual territory s t-prrltorv but sub- 

the owner dominant over all others enter ng . animals are 

ordinate when it moves off this space. ^ fixed hier- 

dominant over a personal L one appears to 

archy among animals moving over the s . -ff their ranges, 
have observed how home ranging 3"*°® ^ ^ control of personal 

Within affiliated groups, the priority in the con 
fields Is determined by rank in the hierarchy. 

We do not know whether the home ^nttLkerarther'" 

to entry by outsiders. Young cats ‘'PP=“ system only after 

reach sexual maturity, entering the a range pattern can be 

repeated fights [7). This =“ 88 -=^" ‘^at the^h^ r^ ®„LEers. 

a system of recognized neighbors, clos 

THEORETICAL COHSIDERATlObS 

so far, X have ralked as if all nP-in^^bchav^r^cf animals 
ZZtlZT::lt ;Tsol7Z\Zl anS remtones against neighbors. 
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There are, however, important soeial forces tending to bring conspe- 
clflcs together. 


Schnelrla has presented a simple general ‘*’‘=‘’7 
iT^S [\5\. He postulated two spacing vectors, A and W, the tendency 
fo\ppro;=h anl withdraw respectively, ^e used 
the Implications of attract and repel, though it Is difficult 
the importance of the distinction). 


Schnelrla presented a vector model, with the A vector increasing 
with increasing distance between neighbors, while the W vector de- 
creases. Animals tend to space at the distance at which the magni- 
tude of the two vectors is equal. As animals move from this equi- 
librium point, one vector or the other beccsmes docimaat, thus tending 
to move the animals back to the equilibrium spacing. Schneirla sog 
gested that this model is most suitable to describe the behavior of 
extremely simple animals. 


There seetas to be little ground for quarrel with the concept of 
wo vectors to describe the spacing behavior of animals; but Schneir- 
La's simple model falls to describe the range of spacing behavior de- 
jcrlbed above. Turther, we have reasonable descriptions of the opera- 
;lon of the VI vector, especially the use of intraspecif ic aggressive- 
ness in Its maintenance, but out knowledge of the A vector is much 
3ore sketchy. 


The clearest manifestation of the A vector is in the operation 
of the social distance. The concept of social distance merely states 
that the A vector increases rapidly beyond this distance. Yet there 
is a broad neutral area, the living space , between the personal and 
social distance, rather than an equilibrium point. Within the per- 
sonal distance, the W vector increases rapidly, 

Fraser Darling suggested that the territories of solitary species 
were also aggregates 14], implying an A vector between neighbors. 
Leyhausen reached a similar conclusion in his discussion of the sub- 
ject [7]. It seems necessary to postulate an A vector here but good 
evidence is needed. 


’’7 f" ngSreBapes, particu- 

larly In affiliated groups where It Is clearly oreanized around eroun 
or Individual sttoull. The affUlatlve process has never been studied 
systematically, but appears to have components actively reducine the W 
vector and Increasing the A vector. Affiliation does not seen lo be a 
passive association as It Is in a shoal of fishes, hut the nroun Is 
nnlntnlned actively by a series of bond-servicing Interactions foster- 
ing A responses. 


The W vector decreases daring group fomatior v.. 
tion of aggressive responses Into - dminance hi " a 
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spacing is learned, and individuals habituate to each others* pre- 
sence at close distance within the group. There Is also coordlna 
tion of activities In the subphase system, and, in large groups, in 
dividuals may actively avoid meeting strangers [12]. Vet, even the 
large affiliated group is closed, since every individual forms part 
of an Interlocking network of affiliations, though it may be treated 
as a stranger if it moves to another part of the group. 

Of more Importance is the active development of the A vector in 
a number of interactions. Affiliatlve Interactions may be di’^ectly 
and obviously reinforcing, as by allof ceding or allogrooming , while 
sexual behavior is used in non-reproductlve situations in a number 
of species, including our own. Play is a co^on Inter- 

actlm among young animals, as are most allelomlmetic and contact be 
havlors, thLgh their reinforcing effects are less obvious Gregari- 
ous information becomes communication when ’ 

who then respond by appropriate movements which bring the =P^lial 
structure of the group into equilibrium. 

are evoked when all animals are in living space, tut the co^unlcatl 

responses become alerted as animals approach person -aximum at 

tanLs. The regulatory effects of such behavior 

these two extreLs. This is no unitary stimuli ^ 

system regulated by automatic behavioral feedbac . 

libriun point, but a living space. 

This regulatory model is a minimum for gregarious antaals. The 
pattern becomes mote complex when the spacing not 

neighbors of different castes ,*^“ifo^^Lcrlm“atlon 

only discrimination of the regulatory » aosti nelehbors 

of species, caste and Individual stimuli of the regulating neighbors. 

Behavior involves the dlscrimlnat^n of f these""' 

ous stream of sensory Input, the attachmen o functional behavior, 
stimuli, and the shaping of these resp 1^ ocess nay be genetic 

appropriate to the social system. This .,,^1 stimuli nay be In- 

or learned, or the discrimination of Che LolutloLry pro- 

printed. These are not “Jf ncqul« the behavior necessary 

cess Is concerned only that ‘■nimals q 1 nay be gcnetlcal- 

to create and nalntaln their ^etv nay be so organized that 

ly coded by natural selection, or the Lgatively 

appropriate and Inappropriate ’’“’’“^Jt^n^systens operate together. For 
reinforced. More commonly, both “J*- 5 ^ , huddle together when she 

example, piglets move away from their dn and ^^_^c.tically, 

first stands. The behavior Is not complete y , rejects then, 

so that piglets nay walk back to “coup^ [8] . The social sys- 

sonetinos throwing then back to the lltt R F 
ten "tenches'* behavior already coded genet ca 

Inprlnting plays a part In the "“u's^e^gcLtlc coding, 

in nany animals, chough there is generally also so- g 
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There are, however, important social forces tending to bring conspe- 
cifics together. 

Schneirla has presented a simple general theory of animal spac- 
ing [15]. He postulated two spacing vectors, A and W, the tendency 
to approach and withdraw respectively. (He used these terms to avoid 
the implications of attract and repel, though it is difficult to see 
the importance of the distinction). 


Schneirla presented a vector model, with the A vector Increasing 
with increasing distance between neighbors, while the W vector de- 
creases. Animals tend to space at the distance at which the magni- 
tude of the two vectors is equal. As animals move from this equi- 

point, one vector or the other becomes dominant, thus tending 
to move the animals back to the equilibrium spacing. Schneirla sug- 
gested that this model is most suitable to describe the behavior of 
extremely simple animals. 


There seems to be little ground for quarrel with the concept of 
Wo VBctors to describe the spacing behavior of animals; but Schneir- 
raodel faUs to describe the range of spacing behavior de- 
reasonable descriptions of the opera- 
ness In Its “S® of intraspecific aggresslve- 

now sketchy! ^ of the A vector is much 

of th^La^r A "'““y ^0 i" tho operation 
that the A vector Incre concept of social distance merely states 
is a broad n!!tr!l distance. Yei there 

social distance rather’ rh space, between the personal and 

sonal dlstanceVthrne!!™ “d!!!"" 

were also aggregatls^ f^o territories of solitary species 

Leyhausen reached a slmllav ^ an A vector between neighbors, 
ject (7). It seems necessarv hn his discussion of the sub- 
evidence is needed. ^ Postulate an A vector here, but good 

The A vector seems to be 

larly in affiliated groups aggregates, particu- 

or individual stimuli. The clearly organized around group 

systematically, but appears to ht,,! process has never been studied 
vector and increasing the A vecfm- *^^P°*'®"ts actively reducing the W 
passive association as it la ■»« *t- ^^‘^^iation does not seem to be a 

nolntalnod actively by a ae!le! ^f^S >>ut the gronp la 

Ing A responses. °ond-servlcing interactions foster- 

tlon of aggressive responns^iS^a^d°*^? formation by the formallza- 
nro a dominance hierarchy. Appropriate 
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one property in common with the personal field, it is greater in front 
than at the sides. Thus animal groups may be steered by slight 
changes in the orientation of the horse. Sheep dog trials provide one 
of the finest examples of the control of small flocks of sheep by spac 
Ing and orientation movements of a dog. 


When animals are cornered, they are unable to observe the flight 
distance from an approaching man, and are forced within his normal 
sphere. Should the man continue to approach, he eventually passes a 
critical distance from the cornered animal. This critical distance is 
the interspecific equivalent of the personal distance of the cornered 
animal, for the normal rules apply. The animal cannot maintain its 
personal area free from intrusions by flight, so it must either su 
or fight. Hedlger first recognized the regularity of the obse^ance 
of this critical distance and named it the fight ~ ® 

he drew attention to its importance in the handling of animals. 


There may he a territorial equivalent to the flight distance in 
those species which defend a territory around a nest. 
fert canrt L moved, the owners behave as ^"bugh cornered when ap- 
proached. Many birds and mammals attack a “^ 0 / 

tlcal distance from the nest, and cease the 
passes once more beyond the critical, or g 


Territories and personal spheres 
normal spacing behavior, to keep out intruders. Because 

gresslve responses are used f has an Interspecific 

of this, it is not surprising to find that eacn 
equivalent, the fight distance. 


SPACING IN MAN 


The maintenance of spacing 1= - ':c1able1n'’hirbSav"o;, 
mal behavior. Man is extremely *1® spacing into his societies, 

and has Incorporated almost even' TP . single form of society, 

Man differs from other species can observe many types 

but has produced a wide range ot c , It is of Interest that 
of spacing behavior in each of these cu eonclnR rules of his cul- 
each human acquires a full knowle ge ° ^ without the use of nan's 

ture, yet most of these appear to e „e can approach our 

unique gift of speech. We all any caste and from any dl- 

nelghbors, strangers or acqualnten > . a specific voca- 

rectlon. Yet, in English, « our behavior, 

bulary to discuss this universal 


. =nnclnc behavior la seen in his 

Man's greatest specialization P^j specialized functional 

ability to form groups at will, t 1 group and rcor- 

actlvltics. Other gregarious specl activity; the basic act of 

ganlzc into different subphascs tor c technique In many 

affiliations renains constant. Man 
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Young chicks appear to learn much of the spacing behavior of each 
other’s caste in the area, and much of this must be relearned when 
they change caste with sexual maturity. There must be learning of 
an individual or a group scent in any affiliated group, 

FLIGHT AND FIGHT DISTANCES 


Though it is the responses to conspecifics which organize ani- 
mals into societies, it should not be thought that animals organize 
their spacing only to conspecifics. In fact, animals space themselves 
relative to most of the other species they normally encounter. There 
seems to be little gained but complexity by postulating a separate 
system of spatial organization, it seems adequate to postulate only a 
modification of normal spacing behavior. 


Spacing distances are naturally greater for potential predators 
than for neutral species. Where species intermingle and compete for 

of Lters^eMflc“‘^*' the name aorts 

There mav be 1 t eg patterns as one finds intraspeclflrally. 
narcnUraLMef!'’'°“^= territories tU), and inteLpeelflc icmi- 
gregate around a feedlnrsuf^ 

behavior as it dominance is expressed in spacing 

tongregatlLs! easy to see In such 


the spaclng*'dlatlLas''™tJhe^*'bv*'tr*‘^^“ regulates the magnitude of 
nlnant species or by the timi/i J aggressive behavior of the do- 
pact both species to oontrlbiSf = one might ex- 

mlnant species; and there ar« V Predators are a special case of do- 
aponses in srecUs! perL^^'f “'^S^htted spaoing re- 

the behavior of parents and fone partly learned from 

stlnull of the potential experience. The 

flee from a hunting animal ^portant, so that individuals 

Predatory animals are, in fact remain surprisingly close, 

neighbors with large personal L u through they were dominant 

observed by avoidance or flight 

'St species 


and spacing behanor^to^a^i^^®} >>y animals of 


Submission, 


is well organized. 


=P^a"e'’Lrgencran’ flight to the 11 

cognized the regularity of this t™ beyond. Hediger first re 

Ja™ f^ht distance" to describ?^lt°L?''''‘''^°’^’ introduced the 
flight distance was used In many wavs P ' showed how the 

animals, especially by animal tLlneL “''*^P“lata the behavior of 
mustering is explicable In termr„r«/P keepers. Droving or 
horse is able to control a gr^p °£ ■‘l=tanoes. A man on a 

’•y "■>''^"8 close ^ ftom behind; he 

bach to just within the flight dl^an^r kP "‘"'^"8 

“• flight distance has 
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by the structure and function of the group. These affiliations are 
then developed by the individuals occupying the roles. Man can be 
affiliated in many groups, and develop affiliations of a wide 
of intensities, from closed bonds to slight acquaintanceships. The 
maintenance of any close relationship requires regular servicing in- 
teractions. The absence of such interactions can have strong alert 
Ing stimulus properties. We seldom distinguish beWeen role affilia- 
tlLs and lnt«personal affiliations, but the friendship bond appears 
to emerge only when people are affiliated in more than a single pair 
of roles. 

Han may also associate with many strangers daily in 
gregations, particularly when travelling between groups. ^eha 

vloi is available to respect Che spacing requirements of neighbors, 
with some standard interactions to deal with °=‘=asional intrusions 
into personal fields; the most common xs the apology, a submission 
of corduatory sequence. Failure to observe these -^‘=srative be- 
haviors is rude; it contains elements of aggression and evokes slmi 
lar responses. 

Flight and ^ISht distances describe the 

man approaches. Yet it ^ hS by a potentially dangerous 

flight and fight fight distance when ve 

ffaf -an^^bf^f^f aSLrfiff a certain distance from our home. 

The social distance is ?,^rrhrmftief (or s^e- 

young are kept within a ieval when they stray too far. 

one occupying the role) by child. Modern com- 

The social distance increases with cne ag ^ groups, though 

municatlons has allowed us to rCT distance communication is 

separated by great distances, 1°"5 m “hieing the affiliations, 

taken up by such regular "location calls, servicing 

DISCUSSION 

I have described filed. ’^Spacing 

and sometimes with more confidenc . _ escaped attention, and 

behavior is so general and obvious ® Attention has been fo- 

very few attempts have been made to s y • , where 

cused upon a few distinctive been recognized chat the 

controversies have developed. . j cnacing behavior, though se- 

domlnance hierarchy is largely organ ze c<Tnllarlty of dominance 

veral workers have recognized the essential slmilarl 
and territoriality [e.g., 3,16]. 

T ^A like to say a few words on the func- 
Before concluding, I ^ animals use the ability to 

tions of spacing. It is various resources intraspe- 

control space as a means of discn „r, 4 forTn but resources are 

olflcally. This distribution Is seldom uniform. 
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o£ his groups, but characteristically forms new groups for each spe- 
cialized activity. These groups often assemble only for one or two 
subphases. People then move physically between groups to change ac- 
tivities. The mass movements between work and family groups twice 
a day is a spectacular example of this behavior. Other species tend 
to specialize organically by castes, while man is able to specialize 
into groups within each caste. Naturally we still use caste as Che 
basis for much functional specialization, especially the sex castes, 
even when the sex differences are irrelevant for the job' 


Man usually lives in a colonial nesting system, with homes on 
territories. His "harvesting" activities are carried out in groups 
meeting daily in special activity sites. Full time association in 
single groups is rare. Other family territories include both nesting 
and harvesting space, as farms. At a higher level, whole societies 
usually occupy and defend marked group territories, as nations. 

famiUes (and other groups). In es- 
sence the shelters require only four walls and a roof but this is 

Inadequate. Instead, considerable resources are 
surts Sn'f nttJre""Each^ inefficient spacing system which 

seprratrrooSTlch l^SseronW = 

vltles. This room la crea^d as 

strictlons on entrv Varh highly personal territory with re- 

tivltles. a lJucSen' batSo^'^ 'T =P«^nlized for certain ac- 
would be a slnple technical cLk^to'^r’ living room. It 

tivltles In a single room hut th ^"“pnnate all of the family ac- 
absent. Out home plans are cettaln^r™'* 'Ensigns is totally 

questioned! Aggressive chaos o y wasteful but this is never 
the 'Vong" chflr Tt a m^r or hv's?"=' generated by sitting In 
. r oy Sleeping in the "wrong" bed. 

Man's facility In fn™^ 

afflllative Interactions, most 1000’’^'’°’’''''^’' "P°" “ vange of 
In prebond courtship, the offLlnv of apsanh. Yet 

are Interactions common throughout th/^^'^° allogroomlng 

the A vector In pair formation and They faster 

tenance of the bond. Sexual behavlori in the main- 

bond-servlclng Interactions In thl hl powerful 

because the estrus period has “is Is possible 

allow sex to serve this function th^ natural selection to 

Eut the^*^ vity. Han also mates promlsci ? hhivlal proportion of 
1 % orvL <‘‘-^7 proportion of copulatori aorf i’' Piaaaure at times. 
> ganlzcd mating bonds. Here it- ^ activity occurs within social- 
bond-serviclne. as It la i “ appears to be aff^1^ social 

Knnri« ,1. . ia °any other « , attiliative, or 

hre^24 as in the L form mating 

breeding season. flyi„, for ““•'ans. or during !he 

in other groups. a£flllari„„, between roles 


are often specified 
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with a radius of about six meters, and inhibited agonistic behavior 
among their flock females within a sphere of a radius of about three 
meters. Naturally these distances vary with subphase, as does the 
social distance of the females. 


Broody females left the flock in the breeding season to become 
solitary animals on home ranges (overlapping the males' territories) 
while they incubated and reared their brood. Their personal spheres 
had a radius of six meters while feeding, and the fixed dominance was 
retained on the overlapping home range. The chicks increased their 
social distance with age from a few centimeters up to 18 meters at 
six weeks. At this age the chicks first developed personal fields 
within the brood. Later the social distance diminished to about four 
meters as the hen increasingly rejected them. She finally drove them 
off at about 12 weeks of age and returned to the male. The broods re- 
mained as Isolated groups with a hierarchy, moving over the esMb 
llshed home range. Broods maintained isolation by aggressive behavior 
within a group personal sphere. At about 18 weeks the broods amalga- 
mated into a single flock, Chen this flock broke up as, first, the 
males and then Che females reached sexual maturity, and moved into 
the adult system. 

This all adds up to a very complex spatial structure. Involving 
the full range of spacing, territories, home ranges and hierarchies, 
separate systems for castes and phases, and a range o g p 
cures. All this can be readily described in spatial terns, but is 
not at all easy to understand. Yet, it seems that care ,, -dp-stand 
tlons of structures will be necessary before we can hope to understand 
social organization. 

This Symposium can do much to focus attention on the significance 
of spacing behavior. 
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controlled by those able to exclude others from access to them. 


When some or all of the resources by animals are available with- 
in a restricted area of land, then one of the various forms of terri- 
toriality evolves. When resources are distributed over a large area 
with concentrations at several points at different times, then the 
home range pattern emerges. Access to the resource is controlled at 
any time by the defense of the portable personal sphere. Within a 
group, dominance Is used to exclude neighbors from a personal field 
so that resources within the field are denied to subordinates. Space 
control is the way animals exert priority of access to food, water, 
nest sites, shelter, toilet facilities and sometimes sex. In groups, 
the control of space provides a degree of privacy, or freedom from 
interference and disturbances; it gives access to the center of the 
group and priority in flight distance from intruders. It is always 
dominance »hich distributes these priorities, but the mechanism is 
space control. The priorities divide animals into "haves" and "have 


study of social evolution ®°'^^®bies, and also for the 

Ing man. The important point if kingdom [10] . Includ- 

can best be described In'^spatlal time f concepts which 

Por the study of animal societies hS r ff knowledge, 

anatomy m the 19th century, when U ul! ® reached by 

ture, though the understanding c possible to describe struc- 
very general of function was limited, exoept at a 

Simple statements on the snari^i 

are seldom possible; for examnir if , animal societies 

tlon to say that this species Is’telrll oo overslmpllflca- 

d^inance hierarchy. This is well nil ^kat species has a 

pleted on a population of feral fowf “ study Just com- 

The males of this soeri u 

"3les°defeS"M spacing behavior in 
other alpha males, but not against territories against 

of semlterrltorlal males hollinflaf f 1 arc two types 

rltorles of alpha males, other males^f 'orritories within the ter- 
Thfof territorial boundall^ “ klerarchy but were 
g cock kept off the territories dimf ^ *'™° range pattern. 

ouring the day. 

For the remainder of the venr i i 
wf ranges wUh " "f 'o with their flocks 

colfon a f =tlll waved bfwf ketween neighbors, 

controlled the behavior of subordinate mar The alpha males 

within a personal sphere 
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ABSTEACT The vnteT-anwial control of space ^s here Muetrated hy 
oomparatxve 8tud^e8. Belated spectes of parrots whtch are found 
from wet to senn-artd and arvd hab^tat8 are vnvesUgated. As the 
hdbvtat becomes more axn,d the specves become more gregarious, - 
aal complexity however follows a quite different course. ^ , 

m the wet habitats but nses rapidly to a maxirr^ in the sern-<^id 
habitats, and from there falls gradually as aridity and gregarious- 
ness increase. 

Gregariousness is measured by flock sise and 
for ftoak size comes from the number seen flying 
together. Soaal index iS the subgectiVe 
and behavioural characteristics , The more similar 
groups are^ the higher iS the index 

Complexity of the soaal system is assessed by 
mumaation system^ and the role of defi^nable i ^ ? (vlatu- 

in the system For example^ the semv-and a while the 

Peraus ^-urnus) has at least 27 distinct fet 

a^ adapted species ( Barnard^ iT^^ eem-cLd adapted species 
adapted species (P. eleaansj has 20 me semi. r ^ 

composed of a core population of P s are ar- 

population which farms groups within a flo • ^ ore also 

ranged in a hierarchy, <r.d the ---d 

arranged vn a hierarchy Speaes of the w J 
areas have fewer recognisable soaal entities. 

‘This work was aided by a grant from the Australian Research 
Grant Committee. 

**I wish to acknowledge the help of Hr Robert Pidgeon and 
Ernst Madeley In the formulation of this pap . 
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.... .s 

"..d durms which the. .tec, fee 

e ««. v.paV Then they climb to positions from which they 

ir..r.r» fiS.T.sr« 

resting mood through a ^^^^erand urdely spaced 

drviduels have moved rn a coordinated but varied and uin y 

manner: I do not regard this as a flock movement. 

It has already been suggested "^dwlduS^dfs-'’ 

mg. Birds do tend to move as pairs P^^^^ere^the^ind^^^^^^^^ 
tance is less than for other gro p . 

seen under these circumstances. , hodv is kept motionless, 

a few individuals raising the f ^^10^ Ldden by the 
An increase in alarm leads to ^il ® et^rn to the same feeding 

foliage of the tree. From they 

area, or they may move to a <*t££®t several birds. There 

flight accompanied ^ P“®“®jl^gir with the birds landing in a 
is a tendency to a short flock trig j, „ht spreading out and 

tighter bunch, or they may make a longer flight sp^^^^ 
landing widely spaced and close to a n 

As the shadows lengthen “P j tend^trincrease In num- 
the current roosting area. ®]^ ger numbers tend to go oft to 

bet. Pairs and groups °£ roosting trees where preening 
trees in the close proximity of nt roosting takes place, 

and beak and foot care take pla . A„Bresslon and supplanting 

with up to four individuals In a tree. gs position In trees. 

Is common; Individuals and P"rs c ^ accompanied by the pinging 
and there may be much irregular y 
call. There is also much location calling. 

j after the sun disappears from the 

liaintenance mood is domrna aQsemble in dead trees or on 

feeding place. There is a tendency where the sun still 

the dead branches of living trees, a _„ostine activity and call- 
tips the trees. When the sun has su » settles down as individ- 
ing is at its maximum. Gradually ,?_n,es the individuals of some 
uals climb into the fine twigs OTong croup has moved from feed- 

pairs tending to be almost touch naintenance mood and finally 

ing taood interspersed with alarm mood to nainten 
resting mood. 

ictivlty in the morning until 

Eastern rosellas show very tend to climb to the top o 

the sun touches their trees. spreads to the ground, they 

the tree and to preen there. As the sun sp 
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INTRODUCTION 


Rather than attempt to review the topic across a wide spectrum 
of animal species, I intend to confine myself to a few taxonomically 
related forms. First I wish to outline the inter-animal control of 
space in the eastern rosella. This is an interspersing species, by 
which I mean that it is neither fully territorial nor fully gregari- 
ous. Social groups of the population intersperse with each other m 
a complicated manner. I wish then to discuss some communication and 
other endogenous and exogenous correlates of the population life 
cycle of this species. From here 1 shall consider more closely how 
the communication system is related to the regulation of the popula- 
tion life cycle. I wish to infer that the degree of complexity of 
the social system is reflected in the degree of complexity of the 
communication system. From here the intention is to compare the 
auditory communication system of gregarious species of the more and 
areas with that of the interspersing species of savannah woodland. 

In this way, social complexity and inter-animal control of space can 
be compared for species adapted to habitats of increasing sparsity 
and dispersion of food and ocher essential resources. 

INTER-ANIMAL CONTROL OF SPACE IN AN INTERSPERSING SPECIES 

savanSh (Platycercus exlmn 1 «^ is a parrot of the 

taxonomic highlands of south-eastern Australia. Its 

r“e«nce s”oild by Watters, and 

of the eastern raseii t understand the relationship 

.posing or coro-oubsldiLy tHtstf "71 7 f 

tonal aod gregarious (flocklSg) foms! J^om tarn- 

The eastern rosella is chipfi,, ^ 
easy to trap at most times of th^vear Ji" 

when it concentrates on eucalvnfnc^f? However, there are times 
fruits, and at these times it^is yoxin^ eucalyptus 

study seven traps were nlaced r. trap. For a detailed 

are used as peraaueut free feedlnE"sS? 

groups can be watched at these and 

population Is flagged so that moariMi^.a'^? Steater part of the 
Of course. Individuals may be obse™a recognised, 

tions. A suoaary will now be Riven of the feeding sta- 
in the breeding and non-breedine soa dally life of these birds 

recapture, and observatlcn of flaggenndUdunn 

During the middle of the day the 

large evergreen eucalyptus trees Tti^ *^®st, hidden in the center of 
tered in one tree, and other trees b® scat- 

u area up to three acres will 



inter-animal control of space 


73 


so .a. no 

Ss“a^rthe beslnnins of maintenance O£^course,^when^^^^ 

tlon and rearlng^of reproductive mood may 

“rr r:ettaln favourable dayajn^^ if LromL'^rJu^r^a:- 

“foL™ par^ of t^e behaviour. An this proceeds, the group and 
Individual relationships change. 

ro nresent even an outline description of 
There is no space here to selection of nest holes, coop- 

the reproductive behaviour lead g therefore commence with 

eratlve feeding, and copulation. We shall 
incubation. This is carried out so y 

either feeds or remains hidden up ^ presence and to en- 

glves a piping call to tell the ema usually fly 

tlce her out. When she flies ou , ^^y 

to a feeding ground or a tree " a chicks hatch, the 

pass food beak to beak to the fern . ^^sut 

female continues to be the only nesting stage, the male also 

three weeks. In the last week of the nesting stag 

enters the hole and feeds the chicks. 

j thev may be seen one or two 

When the chicks are teady to fly, t h y y^^^ 
at a time at the entrance to the nest no^ flights, 

female try to entice them from t ^„„o^^^Atelv the male and female 
Ultimately one fledgling f i^.s and I^a^a^ly^t^^ direction, 
close in on each flank and wheel sometimes it lands on 

Often the fledgling lands in ® and guide its walk to 

the ground. Then the parents Ian jj^tance It sometimes takes 

a tree, which it then climbs for some distance. 

several days to get all the _ale and the female, es- 
quires very complex coordination y oale marshalls the 

pecially when the young are scat er ’ eends the remaining 
fledglings and feeds them, and the femal the male and 

nestlings. Eventually all the young periods. At this time 

female both can then leave them or ® close bonds with each 
the young give abundant evidence o 
other and with their parents. 

After about two weeks, the niy continue to toler- 

senting the presence of the young. veeks past 

ate the juveniles and even to fee aggression by the finale 

this time. During this period of alternation of care vix 

to approaches by the juveniles, -g new associations. e 

aggression by the male, the young ^„ecther, and it is typjcal 
nest nates are no longer seen olway voung, composed of Ind 

to see new groups of four to six proceeds, the Ju- 

viduals from different nests. As tni v parents, 

venues tend to get further from the nest site 
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fly in snail dispersed groups to a tree near a feeding area. Hence 
they nove quite silently from resting mood to maintenance to feed- 
ing nood. The pattern from here on is like that of the afternoon, 
but day resting is usually at a different site from roosting. 

Alam can of course occur at any time and is basically similar 
always, but the threshold appears to be highest in rest and to de- 
crease through maintenance to feeding. Drinking occurs during 
feeding and maintenance mood, particularly towards the end of the 
feeding period. 


We nay summarise here that this species moves through the day, 
and the area familiar to it, via a well marked succession of moods 
(Flg.l). Mood la discussed more fully at the end of this section. 

FIGURE 1, ^ GENERALISED DIAGRAM FOR SUCCESSION IN MOOD 
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classes of stimuli (exogenous or endogenous) rather than °thers 
^irtrat thrresponL to these stimuli mill tend to be or will be 

lordTays an Important part In the coordination of individuals. 

The mood of individuals affects individual distance. Pldgeon 
has shown that the distances between members a pair and be 
tween each parent and a fledged offspring in^the^alah^ ^ _ 
roseicapilla) are significant y nlnlmra distance apart 

in cage studies of L £^^8, and aero in 

is 5.6 inches in resting, 3.0 “ches in 

drinking. The resting and plants and their 

members of a breeding pair an inches respec- 

fledged offspring in the breeding s^son (28 and 9 inc P^ 

lively). A generally similar caged 

times greater in “^salbude was o ai results are con- 

hooded parrots (lS£2h°iH= ^iSSiS^) and are re- 
sistant with field observations ^ Individual distance 

laced also to flock and group siz . „„ods Che numbers in the 

goes down for non-breeding activities or moods the num 

flock or group go up. 

SOME COMMUNICATION AND OTHER ^“^^OTEMPeSg^PKIES 

LATES OF THE POPULATION LIFE CYCLE Ot An 

From observation of flA^ged birds^of^known^age^and^from^the 

capture-recapture data, it can b status core of rather 

has two components: a “nd fo5 about six weeks by 

solitary and sedentary pairs acco p snatially separated from 

juveniles, and a subsidiary elemen first more cohesive than 

the core. This subsidiary element voune adults and In- 

the established adults. It is summarized In Figure 2. 

matures. The dyna^cs f and early winter, the 

During a protracted period in la uhlcb disperse. Some of 

flock breaks into loosely bound gr P population. As the 

these groups find their way bac n pairs and to disperse 

breeding season develops these ten 
out of the core. 

Ire (Figure 3). no attempt has 
In estimating the population s subsidiary population, 

been made to separate the core from . of known Individuals. 

This separation can only be made y . decreased, which is 

It will be seen that the whole popu ® . decreased breeding 

attributed to drought conditions resu ,_aturcs and adults shows 
since 1965. An analysis of survlva ^eacs and normal, chough 

no significant variation between drougnt y Interpreted 

there Is significant variation ^ ^ breeding, o prolific 

to mean that, when conditions ate g , disappear from the 

crop of Juveniles is produced and cost 
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and they Join up with a growing band of juveniles and young adults, 
At this time (Figure 2[c]), the eastern rosella may appear to be a 
mildly flocking species , and loose groups of up to 75 individuals 
have been seen. During this period, the parents will be in their 
original area, moving as coordinated, solitary and rather silent 
pairs, while the flocking birds will be noisy and relatively con- 
spicuous, and away from the solitary pairs. 


He» groups appear to form in these juvenile and young adult 
flocks. A hierarchy in the groups may he detected by watching them 
t feeding stations where the spatially concentrated food does not 
dcveloos™'“\i distance Further, a hierarchy of groups 

eroui In Ttref ^ presence of members of a higher status 

by a feLtur V to cause flight 


dest?oys'traock°' gradually corrodes and 

£lock,"undLg ?Sir wav of the 

"atched (Flg.lldl)," area where they were 

are observed at feeding statirtn* * group status differences 

generally Includes one^or mor! composition of the group 

It is no? entlrelj ^ab “rc?Z® """ = Juveniles, 

groups a detectable arraL^men? ‘»e 

Inga are not firm and permanent these pair- 

months before sexual flohtlna “““^hly It Is at this stage, 

clearcut sexual behaviour belln searching and other 

'^•'ct pair bonds slowly form. 

very largely in a circumscribed area^^*"a mhile each individual lives 
also Ill-defined boundaries Sroup and pair has 

Inside the area. Individuals^ erra divided territorially 

have site attachments and these^mr’’^; may be said to 

fooling and ot??r ??t? T ?'"^°“‘5h the year Groups 
^ °l''ot groups, and ml *'lsh on the pre- 

behavl??? ?h“ Pteferr^d fue? 

of Inter-anlmal control of spaces W l^tPct. This form 

As the . Intersoerslon . 

As the winter passes thre 

^^ol't'^ro^h*" “tllor gr“ps°?:"H“S''“"S develops, and the 

eS 

^^:tir??e^r::r— sih^ 

A digression on mood is now n.. 

physiological state of the animal dSp^s if means that the 

ro accept certain 
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population, but, if they gain entrance, their survival as immatures 
is not demonstrably different from adults. 

FIGURE 3. CORRELATES OF AN EASTERN ROSELLA POPULATION 



For explanation and abbreviations, see text 
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FIGURE 2. 

THE INFERRED D’fHAMICS OF IHE EASTEBM ROSELLA POPULATION SYSTEM 
Core Population Subsidiary Population 



A- Adults 
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population, but, if they gain entrance, their survival as inizaatures 
is not demonstrably different from adults, 

FIGURE 3. CORRELATES OF AN EASTERN ROSELLA POPULATION 



For explanation and abbrcvJatlona, ace text. 
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In 1965, there 
tlons for breeding, 
ing four years was 
the sane years {Xr 
niles did not have 
adults after their 
1964-1965 breeding 
vival was not then 
n - 3, .5>P>.4) 


were many juveniles owing to favourable condl- 
The survival of the juveniles over the sunceed- 
sieniflcantly less than that of the adults over 
= 22.8 n = 3, P40.001). However, these juve- 
a simificantly different survival curve from 
first year “ 1.01, n= 2, ,7>P>.5). In 
was poor, there were few juveniles and their sur- 
^ - ‘ = 4.34, 


demonstrably different from adults 


OC^ 


Some manifestations of the Inter-anlmal control of space, which 
occur during the seasonal changes involved in this pattern, may be 
briefly considered now. 


Flocking in the subsidiary population occurs approximately when 
the adults are moulting, and it breaks up about the time the juve- 
niles are moulting. In February and March choying (C) , the juvenile 
food-begging and cohesion call, is at its maximum occurrence rate 
(Fig. 3), and at this time Immatures are moulting into adult plumage, 
and established adults are also moulting. This is shown in Fig. 4 
by the decrease in Immatures and the increase in adults in February. 
Gradually choying (C) gives way to pinging (P) , and piping (p) 

(Fig 3). The P call is a flight alarm - cohesion call, and the p 
call is a perch location call, these calls are most common during 
the flocking phase of the subsidiary population. The flock breaks 
up in May and June, and at this time the juveniles are moulting into 
immatures (Fig. 4). 


Internal changes are also occurring at this time as has been 
shown by Hall in his study of seasonal changes in the adrenals and 
testes of eastern rosella adult males t8l. The cortical tissue of 
the adrenals is active during the reproductive phase and during the 
time the juveniles are moving with their parents , but it is at a 
low level in the winter when the core is most tolerant of young 
adults and immatures. 


Having considered how the C, P, and p calls are correlated 
the population life cycle, some attention must now be given 
to the other calls shown on Flg.3. Of course. It Is impracticable 
to consider all 25 calls here because of their low occurrence rate 
and close similarity in structure and function to most of the calls 
shown. ACH Is a strong call given only when perched, and generally 
when P la heard In the distance. It seems to function to bring groups 
which are flying to perch near the caller. The wc call appears to 
be a call given largely by the male to his mate. It Is given to 
draw the female from the nest log and to Investigate possible nest- 
ing sites. It had high occurrence rate In 1966 when, after a poor 
breeding season In the spring, favourable conditions for breeding 
appeared In the autumn. The A3C call Is certainly an aggression call 
as shown by Its context. It Is used by the male to rival males and 
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FIGURE 4. MOULT PATTERNS IN THE EASTERN ROSELLA 



by one group to another. It is initiated normally by the group 
Reader, but often all members of the group join in to vanquish rivals. 
P pattern is similar to that of wc, but its function is quite dif 
latent. 


_ , ^ile discussing this phase of the population pattern, it is 
avant to mention peer play. This occurs to a slight degree 
It all. Occasionally juveniles will be seen to touch. 

incipient allopreening or feeding, but sometimes ^ 
naPTi^^^ /° aggression. Peer play may occur in juvenile us r 
^ ^^^°rhina') . in the kookaburra ( Dacelo giaas) [10] » in 
Ouai, aeatua roselcapilla) [12], and also seems to occur n 
parrot (Mylopsitta roonarchus) . It is reported of ti 


of the Quaker 
that 


Parrov 

the V * is peculiar in building a communal stick . 

and leaving__tbe nest -all play. together ,^puUinS^talls 


of ^’^other" [14]. On the* whole, however, _ . , 

that does not have the same role in the ethology o , 

Or becat mammals; either because its observation s n 

se it is a rare phenomenon in the class Aves. 



inter-animal control of space 

^air or In a non-breeding area, by a dominant l^fture or young 
adult. It seems that the proportion of unflagged birds also r 
freases aooording to a patted. -rly^.inter .^many^Tuveniles^^^ 

n^tli^^fri'chTanno^^fe ieached to be flagged in the nest hole, 

^rfiftratCrfoiL^Tt^^^^^^^^ ’ 

infiltrate tne core. inferred that these are iimna- 

unf lagged birds also rises. It is interrea 

tures and paired young adults dispersing from other cores. 

The survival of juveniles, immatures "“of'srflag^ d 

tlonship to dynamics of the population Ranges 0£ =7 * fg 

nestlings, none have been a good breed- 

^tfeirar’'ft :inr 

ratufes^rn^rrtremrt to^^turn^^be hatcblng area^ 

off in groups and winter in other P^ study; 

individuals occur in groups which ... -ores The core, how- 
some of these probably ^ nu^L of newcomers. Groups re- 

ever, does not accept an unlimited numoer status. 

turning to the core are ^he core comes from commer- 

The demonstration of pressure to of over 300 individuals 

del trapping data. Three ® “^„''jroapture-recapture systems 
being taken from one “®P> about 100 Ldividuals in 800 acres 

the population is estimated to be more individuals 

from five traps. There is little J^“/°herw«e removed from 

could be taken from any one of these area at each 

the area permanently instead tb^tned to the 

trapping. This tension Pf Torres whan they® are numerous in 

appearance rate of Juveniles an atabillty in composition and 

good years. It also fomparative lack of infil- 

numbers of the winter core, and f 
tration of birds from other areas. 

CO^NICATION SYSTEMS AS A MEASURE OF SOCIAE REGULATION OF SPACE 

The communication system of complexity of the 

tactile and perhaps olfactory complexity of the popu- 

communication system is an express enrial system. It is thus 

latlon life cycle, or in °P»er words the^social^^y_ 

a very important factor regulating auditory 

possible to consider all the signa m » 
communication will be stressed. 

«-h«. nuditory communication systems ^ 
The aim here is to compare the , ^g.^^getatlon gradient. The 
related parrots which occur along --wpastem New South Wales wet 
gradient here is arranged from the northeastern 
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tablelands de™ forest 

rrava":drail“”aiSrin rectal c»poslllcn and de 
gree of aridity. Hie species considered are the crimson i°sella 
(Platvcercus eleeans), the eastern rosella ( Platycerc _us ei^ljil^) , 
aS tL bum bull il arnarj^^aisgji)- These are considered to 
be closely related forms, and this opinion Is strengthened by the 
extensive taxonomic work of Hatters on the Psittacif ormes in gen- 
eral 116]. The habitats of these forms are: crimson rosella ...... 

highland grassy forest (rainfall* c,34 inch/year), eastern rosella.. 
highland woodland savannah (rainfall, c.29 inch/year), buln buln.... 

lowland woodland savannah (rainfall, c,14 inch/year). 


The eastern rosella has been studied in greatest detail, and 
thus it is possible to a higher degree to relate the calls to events 
in the social system. However, extensive studies have been made of 
the calls of the other species, and observations strengthen the view 
that the population systems are closely similar. While it is un- 
satisfactory to attempt a comparison without a complete inventory of 
visual, tactile, and auditory signals, an approximation to the total 
repertoire laay be made from the known visual, tactile, and vocal 
behaviour and the coordinated behaviour essential to the population 
system. After a detailed study of the auditory signal system, this 
method was adopted to estimate the minimum number of messages re- 
quired for such a system. It is assumed that, given the right mood 
and context, a given signal or group of signals will produce a rele- 
vant response. Coordinated behaviour by individuals or groups brings 
about events. A message is required to initiate an event and to 
coordinate behaviour. 


With the described population system of the eastern rosella, it 
was postulated that the population system would require 18 events 
for non-reproductlve behaviour and 34 for reproductive behaviour. 

Each event required a message or series of messages, and it is esti- 
mated that non-reproductive behaviour requires 20 visual and tactile 
signals and 18 auditory signals to produce these 18 events. Repro- 
ductive behaviour needs 40 visual and tactile signals and 19 audi- 
tory ones in order to initiate and control 34 events. Therefore, it 
Is claimed here that a total of 52 messages made unique by mood and 
context is a sufficient minimum to operate this population system, 
and that these messages can be formulated and sent by having 67 dis- 
crete and unique signals. This Is a surprisingly inefficient signal 
system when it is remembered that the Horse Code uses only two differ- 
ent signals arranged in groups of not more than four in order to desig- 
nate the 26 letters of the alphabet. Moreover, it must be remembered 
that these 67 signals appear to require that the mood of the recipi- 
ent be appropriate and that the context also be known. 


67 signals may be divided into 42 visual and tactile signals 
and 25 auditory signals. Of the 42 visual and tactile signals, 6 are 
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exclusive to slgnalsrs^l- ^“elusive 

reproductive behaviour. ^ are exclusive to reproductive 

to non-repro( luctlve behaviour s^en are «clusrve^^^ 

behaviour. This means that ^J^^tive and reproductive behaviour, 

tory signals are common to n ^ a„d context are essen- 

This commonness reinforces the p _ resoonse to a message. The 

tial concomitants to °'=tai-ing - «sponse^t^^ 

rhesus sLlarbehaviours which Lemed to be communlca- 

Altmann described 123 social r-ncalla signals are common to 

tive [11. The fact ^at -ny eastern^rosella sign^_^^^ 

messages in non-reproductive ^ __^„nicatlon in this animal than it 
mood is a much greater factor in .. . the rhesus monkey may 

is in the rhesus monkey. =-“1 coordination i^^^ 

be much less dependent ite more information diversity, 

rapidly adaptive. It would also require m 

If coordination of mood is of such ^P-tance,^it is -tthwhile 

to speculate how it is ic determined by non-social 

down in the genotype; to what degr result of social 

environmental factors; and to what degree 
communication? 

_4_.. Cresting* maintenance » 

The predictability of weather and caging, suggests 

feeding, maintenance....), reg ^ internal rhythm. It 

that it is to a large degree ^ P indeed prevails in greater 

appears to occur also in all pa * -ig on cold or hot, cloudy 
or lesser degree in all same, and in drought or plenty 

or bright days, the sequence is breeding season it per- 

the pattern remains. Even 3^/^^ and fly into trees. 

rtar;al^Lance ve^ frequently occurs before feeding recommences. 

However, it is also true that sequence can 

unmodifiable succession of mood . nood adjusts to environ- 

be interrupted and restarted, an sequence appears to be 

mental events after restarting. fartors as Armstrong has pointed 

subject to alteration through social factors. 

out [21. 

t- the cotaunication system Is 

The foregoing discussion shows b estimated that 67 sig- 

related to the population life eye ' ^ surprisingly large 

nals arc required to bring about non-reproductive phase, 

proportion of signals are , st as complex then as it is In 

showing that social structure is . ^-ig 37 per cent arc auditory 
the reproductive phase. Of the 6 . ’^mjitory communication 

ones. It is now necessary to cons with a view to assess- 

system c£ related parrots in other ha^“”’ 
ing the social complexity of these 



J L BRERETON 


The catalogue of discrete recognizable and definable calls of 
the eastern rosella is 25. The total for the crimson rosella is 
21, and for the buln buln 16. Thus the data show that the eastern 
and crimson rosellas have richer auditory communication systems than 
the buln buln. It needs to be noted that many of the calls of the 
eastern rosella are very similar, and there appears to be more dif- 
ferentiation in related calls of the crimson rosella. It is far 
from clear what subtleties of information transfer are communicated 
by these variants, much of it may have to do with transferring de- 
grees of mood. 

The lesser vocabulary of the buln buln suggests that it has a 
less complex social system than the eastern and crimson rosella. 

This inventory was made during four visits of five days each by two 
observers, given over almost wholly to collecting on tape a full 
catalogue of the calls and other communication behaviour. Although 
this work IS not complete, there is no reason at present to think 
that the catalogue is Incomplete, nor is there reason to think that 
the fewer calls are compensated for by visual or tactile signals. 
Lacking more detailed evidence on the population life cycle of this 
species, It becomes necessary to examine the social and communica- 
tion systems of species adapted to still more and habitats. This 
is taken up in the next section. 


THE USE OF COMMUNICATION SYSTEMS TO COMPARE SOCIAL 
COMPLEXITY IN INTERSPERSING AND GREGAR,IOUS SPECIES 

parrots, a trend touards reduction in polymor- 

With one ot lncre"il^„ Tnd ^noL^afi" S»^rrlous- 

(I) crimson rosella ( Platycercus elecans) 

eastern rosella (|7 eilmius) ^ 

buln buln ( Barnardius bamardil 

(II) redback parrot (Psepho^a haematonotns) 

mulga parrot (p. varlusl 

blue bonnet (p haematoeanr.,.' 

(HI) king parrot ( Alisterus scaEilaris) 

crimson wing ( Aprosmict^ , 

superb parrot (Poljtelie 
regent parrot (P. anthoDe^ 1 lQ^ ~ 
rose-throated parr^' (p. a~U^andr^P l . 

VJhile these groups present a eood i-av«r. 
not sufficiently common to allow an eMv^™™"-' ='*‘l>‘ance, they are 
for various moods. However, the npeeres of Tab?r^ occur'n " 
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j r,r,A nT^(^ habitats, are common and allow large bodies of 

semlarid and arid hatitata a ^ taxonomic affin- 

data to ® “ flock feeding, flying and perching indicates that 

ity, comparison of flock teeai g, y B gregarious chan 

Table 1 

i;isrd"fS^-“i: s ^^rchSgf fLiLrinff!"::^ 


Eastern Rosella 

Total seen 
Number Groups 
Av. group size 
Largest group known 


Total seen 
Number Groups 
Mean group size 
Largest group known 


Total seen 
Number Groups 
Mean group size 
Largest group known 

Budgerigar 

Total seen 
Number Groups 
Mean group size 
Largest group known 


Perched 

Feeding 

Flying 

391 

103 

3.80 

lA 

1145 

340 

5.00 

75 

2010 

706 

2.84 

22 

887 

70 

12.70 

60 

2830 

153 

18.50 

350 

1569 

304 

5.16 

500+ 

171 

11 

17.10 

80 

300 

2 

150.00 

130 

3873 

182 

21.26 

1000 

2070 

7 

295.71 

1200 

1818 

11 

165.27 

1200 

5303 

106 

50.00 

1200 


rosella, the galah ( Caca 

The mean group size hollandicus) and tl^ 

tua roselcapilla ) , the quarrion (_ymp "g^own in Taole 1. Tbe 
budgerigar (Melopsittacus, undulati^; > feeding in the quarrion 

number of groups observed for but in all other categor- 

and budgerigar are too few to be re » ^ud the quarrion 

ies a trend is detectable. Not earlier, but they have 

have low individual distances, as pointe 
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much greater group sizes. Moreover, these groups move as flocks and 
not in the dispersed fashion of the eastern rosella. A further demon- 
stration of increase in gregariousness emerges from an alalysis of 
frequency of flock flight size. In almost 94% of cases, group flight 
size in the eastern rosella is less than five individuals (Table 2). 

Table 2 


Variation in gregarious tendency in four species of parrot 
as shown by frequency of size of flocks in flight 


Flight Group Size 



1-5 

6-10 

11-15 

16-20 

n 

Eastern Rosella 

93.7 

6.1 

8 

.2 

.2 

Galah 

33.0 

5.9 

7.2 

5.7 

48.2 

Quarrion 

8.9 

10.7 

6.4 

3.5 

70.5 

Budgerxgar 

1.1 

4.2 

5.2 

6.0 

83.5 


distribution is noticeably blmodal, 
op?S Sllot fiia M" “ ‘han 21 and another 

onlmrovar 21 indlvJ '‘"dserlgar both have thair 

arlHona eilli '"a contention that 

species In conList’vit^S”" ''V‘*8erigar are gregarious flocking 
in contrast vith the very slightly flocking eastern rosella. 

arldltJrit‘mnht^L‘'expectcnS%^c2r^°“"r'" 

crease. Social complexity can be ® "’“Pdsi'ity "ould also in- 

communlcation system as outlined t through studies of the 

the total conmiuLcatlon sys^ej^ of"th section. Although 

[12] , and the budgerigar K 'astern rosella, the galah 

possible at this tl^e^to '“’P 

system. It is possible, however tn whole communication 

quite accurately. Results of detai auditory system 

visual signalling becomes mote Importanfl^rn 

fact. In the preliminary work with ^ “"^^d areas; in 

reduced. For these reaLns It ^s asi.l^d 

communication is closely related t , , oomplexlty of vocal 

to total communication complexity. 

As already stated, the number of »„d<i 
rosella Is 25. Its close relative of ™ signals of the eastern 

crimson rosella, has 21, but the buln h i forest, the 

woodland has only 16 calls. The qnarrl'* h°^ ““^^d savannah 

though more may be discovered as thin «rl!d ® '“*°™ ““^ds [17], 
tnis study was largely conducted 
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with caged birds. The galah has a total of 11 calls [12], while the 
budgerigar has 8 [5,6]. 


It Is a notable feature of the galah as well as the budgerigar 
that “s voLllzatlons are not as discrete and definitive as those 
of the platycerclnes. Variation and merging occur, much as is seen 
in the vocruLtlons of the primates. The function °£ S-ding in 
contrast to stereotypy has been discussed by ^^^0^ of 

[9]. They suggest m'ay ^eTecesLS f- error 

informatxon conveyed, and that stereotypy y ^ . 

avoidance when species are sympatric In f 

search, grading may be the result of resuU of L- 

the species becomes more gregarious, ^ ^ aH^ation screeching. 

perfeL differentiation of the basic Parrot vocalization screeching. 
L the other hand, for -scnlstlc co-unication^and Jor^mood tra_^s^^^, 

grading would be advantageous. In j. eauallv 

L transmitted, stereotypy as well as rS^platy- 

effectlve. The richness of variants of A3C and p calls in t p 

cercines may be Interpreted in repertoire 

galah and budgerigar do ®PP^^ faults then, taken with quall- 
as the intersperslve species. oreEarious species of the 

tatlve observations, suggest that the more gregarious p 
more arid areas have a less complex social system. 


we have compared a 

species with progressively toward wetter 

the more arid areas. It ^ , soecies. No known Australian 

areas where we may expect p®pp^'^°p^ ^ parrot fAlisterus 

parrots fit Into this category, though the king p ^^^____t_ 
scapularls) of wet sclerophyll ^r^t an^^ ^,,p^aburra (Dacelo glgas) , 
Only four auditory signals are ta breeding and non-breeding 

which Is a territorial i.^apion ^f having auxiliaries 

season and which has the social c P chicks, has only seven calls 
which aid In incubation and feeding raise this number. This 

[10]. Grading and more by vocal signals than 

species Is said by Parry to communicate mo 

by visual signals." 


. c ^T,preases from wet to arid habi- 

To summarize, as gregariousnes anrUtorv communication, first 

tats, social complexity, as "^r^l'trd thLefore that a ter- 

increases and then decreases, it i p .^1 complexity; that an 
ritorial system does not require g between a territorial one 

interspersing system which Is interme , flocking in- 

and a flocking one has greatest complexity, 
creases, social complexity decreases. 


i a of the arid zone is the 
One of the conspicuous observat on seasons and bad. 

contrast in numbers of gregarious . their capacity to find dis- 

Thls is no doubt partly a consequence also related to 


.••xo 4.s> iiu uuuuL partly — — - — • 
rant isolated patches rich in resources 
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their capacity to increase their numbers rapidly. Hence their popu- 
lations wax and wane greatly as the conditions change. For this rea- 
son, it can be postulated that population size relative to resources 
is self-regulated by the territorial and the Interspersed system, 
and this is progressively lost as gregariousness develops. This 
means, that in territorial and Interspersing forms population regu- 
lation is largely endogenous to the population, while in gregarious 
forms it is largely exogenous; i.e., the population fluctuates mar- 
kedly as a result of. marked changes In the non-social environment. 

The Inter-animal control of space, and it is space which contains 
the resources, gradually deteriorates to the point where the envi- 
ronment and not the group is regulating population size. 


When territorial species adapt to more widely scattered food, 
a number o£ steps are Involved. First, the female starts to look 
like the male and to assist in territory defense. In this way a 
longer territory boundary can be patrolled. Next, the juveniles 
dpfa various aspects of reproduction and territory 

As the need to expand territory size in- 
food ^ laglme of increasing aridity and hence more scattered 

rtliter^lSif J"" ‘"greases. Complex forms 

n a Inter-group tolerance develop, and the 

iLI m SoLwhl regulation through social hierarchy and 

anrinte«p|-rrioi ^«'^i'^‘>ry boundaries disappear, 

status is highest for the”'bieL(°'^*'°^ stratification occurs. Social 
aggression in the eutum!l lMd8'*to^lS!r'’'r hormones of 

pelled from the presence of rL' '' status elements being ex- 
parental bond to"^ their peers Thtr"''’ **'snsfer their 

and various endocrine corralats. a recrudescence of the adult gonad 
Inmatures, and Juveniles and 

increase cohesion to the point^ot social tendencies 

a subsidiary population dLelops. ° I" this way a core and 

Within the flock, however „la=, 

gresslon move apart, each f/>n ’ j i. under developing ag- 

These groups return’to tL Seerl'’L!"'"”J==^''= younger members, 
and social stratification Derm^^ Intersperslon 

season advances, increased aReresslnn • As the breeding 

productive mood and condensation r,t ^®®®ciated with Increased re- 
to nest sites gives rise to manv feeding areas close 

from the core. No flocking is scattered dispersal 

aggression of the now older secLd^i? ’ because of the heightened 
ocoonaary population. 

The social adaptation to even 

to further reduction in aggression spaced food can lead 

the parents no longer become aggressi^a tolerance, so that 

of the breeding season, but tolerate th ^ juveniles at the end 
in moving to feeding areas. Social tolerated by them 

in the interspersed or core-subsidiary ph°^ became complex 

sse (mate, offspring, rival 
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nairs rival groups, stratification within groups, stratification 
“ tries itiL finriicLiaed food and water and adults tend to 

i tfererra^^ 

pressure which once regulated the -ae^f the^core^in the^non-^ 
breeding season has now ^tnappear • limitations to flock 

increase almost flight becomes very large. It breaks 

size do exist. When a flock in t S _,n„euvres. This phenomenon 
up frequently into ™tller groups du^ resources such as 

nay lead to the "budding-off “f 3^,, 

watering places are extremely to a shortage of 

may occur. There may also be limitatio S ^tese 

perches for the ^“^^^rin^r^darriiirgeogr^phical 

i^rtroi^irfe^L^itant in dispersing^the^population^and^^ 

lieving pressure on t^tion of refined migratory patterns, 

he the initial step in the evol to survival, the breeding 

If only one dispersal radial is av tendency to return to the 

area becomes untenable inLntained , it is 

breeding area as seen in the eastern 
easy to see how migration could evo ve. 

, -n occur despite what has been said. 

Permanent budding tends not ereearious species. The 

because of the high social cLdenly to joii it. This is 

sight of another group seised fo^d, however, scattering 

commonly observed. Because of P mood, but, as the groups 

of a big flock does occur during amalgamation of small 

commence to return i° ^he ^°°3^j,es may become very great. The 

flocks increases rapidly ana tl called here maintenance 

transition between feeding and res ng , flight not unlike 

mood, IS characterized by seemingly ““’f . As a large 

"Zugunruhe," as well as bypica is seen repeatedly, 

flock wheels and turns, budding j^fficulty and imperfect co- 
This manifestation of manoeuver ng elze of the flock, and 

ordination seems to come about nooulation to its resources. 

I do not interpret it as relating the population 

Under the regime of climate ’ ^."“‘^have adapted to an en- 

curred in Australia, some species g-gj-ge and distantly scattered 
vironment in which food and water abundance. Intermediate forms 

with only occasional short perio ® ^.ggjj food have become very 

living in a more regular climate ° g^j cregarlousness would 

complex in their social systems. Forms living in pema- 

endanger these species with -gg a^e close and abundant, 

nently favourable areas, where too -odal structure. These more 

tend to a territorial system of s P 
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aggressive forms have the most certain type of population regulation, 
or, in other words, the most precise inter-animal control of space. 

Lastly, it becomes necessary to discuss briefly colonial nest- 
ing. In species with degenerate social systems, coordination of 
behaviour is by mood transfer or through environmental and endogen- 
ous effects on mood. This dependence on coordinated mood may require 
social displays in reproductive mood. Obligate sociality for nesting 
occurs in the budgerigar [4,3] and may be necessary during nesting and 
courtship in other birds [2], Suitable nesting sites adjacent to very 
rich food sources are required, and tolerance at the feeding site may 
carry over to tolerance at the nesting site, so that population regu- 
lation is still further reduced. 


I have endeavored to shou how Inter-anlmal control of space 
changes in a series of related organisms ranging from wet forest 
through woodland to and shrub savannah. It Is claimed that gregari- 
ousness Increases along this spectrum of habitats, and that social 
it falln. the capacity of the popn- 
numbers also falls, so that, ultimately; 
population sire Is controlled by density Independent catastrophy. 

array ^rannne ‘’’t Ptimates form a similar 

?r?he n=?e Irlrarlf ' territorial in rainforests, 

savannah woodland. In thir^Ilosy^^''^!;®^”® rainforest, to man in 
with little capacity to reeulate i® h very gregarious species 

hlnself very largelv from rh.:. numbers, and having secured 

is now IncrLstnf 5 “tastrophes of the environment, he 

pollutes his aurroundtngs!° over-exploits resources and 
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Spacing as Affected by Territorial 
Behavior, Habitat and Nutrition 
in Red Grouse (Lagopus I. Scoticus)* 

Adam Watson and Robert Moss 


introduction 

'£2Eicus) behaL'^sf (Lagopus lasopus 

how this social behavior Is Llated foTh =:°n=iiers 

Ecologists are becoming increasiMlv ^ 'n^lation of populations, 
behavior and population numhore that changes in social 

shortage, predation, disease 

dent to give a full exnlanari weather are often not suffi- 

consider that changes in food °i i® numbers . Some workers 

In numbers, but others that needed to cause fluctuations 

floultles Is that food quality LTLT" 0ns of the dif- 

dlstlnct from mere quantity of mat or nutrient terms, as 

In ecology, despite Its well-estaWiy u ] '’®®” EMatly neglected 

weight, physiology, reproduction and\!h '“’’“'^bance for the survival, 
nan. Furthermore, the differenr ,4 avior of domestic animals and 
Wynne-Edwards (20) , Lack (6) and ChitL°fil”'’''r"b*’® ’■ ®itch (1) , 
views on the mechanics of population ^ bhat theoretical 

Anyone surveying the literatLe “ui 'TJaT “b' different, 

few studies have been done on the Int tonclude that remarkably 

^r, population, and food or other T ^ belatlonshlps between behav- 
Ihere are plenty of studies on Sy b*-® snvircnment. 

a number on population-food relations n* aspects, and quite 

relations, very feu on food-behavior roi“ P°Pwlation-behavlor 

three aspects together. halations, and hardly any on all 


*We thank D. 
manuscript , 
to our work 


Jenkins and A.N. Lance for h^i 

and acknowledge the encnn>-s>,. comments on the 

by Professor V.C. Wynne-EdwSs"*^ support given 
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TERRITORIALITY, HABITAT, AND NUTRITION IN GROUSE 

Our study on red grouse has Involved 
aity and dispersion, population processes such as mortality survival 

and breeding. ::d"h;s“rfeatures in’the 

rn“ronL“' ’ihesfdescriptlve studies led to correlations and pre- 
dictions. and later to experiments. 

r.FHKRAL DESCRIPTION 

Red grouse live all year Jr^ fLlluna 

consists almost entirely of on ja„H-ht The total number pre- 

vulearis ). They are active which also find 

iSSTlSS be counted ^ of grouse that die. On 

nests, broods, and f gjO^jOO g and hens 550-600 g. Red grouse 

average, cocks weigh about 650 ' ^ , ptarmigan or willow grouse. 

are a subspecies of circumpolar wlllow^pta^^ g^^^^ 

the main differences betag apgp noors in Britain and Ire- 

lack white primaries. They Inha c,.1dom reaching a man's knees in 

land, wherever heather, a dwarf seld»^reaching__^^^^^^ 

height, is common. Grouse in no fin„ats in summer and autumn, and 
shoots in spring, heather shoots from sea level up 

almost entirely heather shoots 1" .ipjely related rock ptarmigan 
to the arctic-alpine -o"-. vegetation on Scottish 

(bagopus mutus) replaces them in ptarmigan which move long dls- 
mountalns. Unlike the arctic _..iJept in Scotland, and populations 
tances in winter, red grouse ar recoveries of grouse 

move locally only in deep snow* J beyond 5 km, the dis- 

ringed as chicks and later shot heaters during normal shooting, 

tance that grouse are often ppitable habitat between them, and 

The territorial cocks divide up . These monogamous pairs 

court and pair with hens on t e . „ gnd hens nest in the terri- 

feed entirely on the territory n behavior virtually dis- 
tories while the cocks keep guar . often move outside the 

appears after the chicks hatch, an after the young, which 

territories. The cocks frequen ^ weeks Cocks and hens breed in 
appear fully grown in the field at 12 weeks. 

their first year. 

Grouse were counted on study areas "^"-^I^^^^PPip.alpine zone, over 
each and which ranged from sea ®Y® main findings were as 

rocks and soils of different fer 
follows (7,9): 

■lotions in breeding (the number 
1) Breeding success Tear to depended mainly on changes in 

of full grown young reared per o , clutch size. Breeding 

chick survival and very little PePPed pet adult, was cor- 

success. which varied from 0.0 - • .pg and with adult surv va 

related with Che adults' survival in spr 
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in the sane sucner, but not with variations in summer weather after 
the chicks hatched When eggs were taken from the wild and the young 
were hatched and reared under standard conditions in captivity, chick 
survival in captivity paralleled that in the wild (9). This showed 
by experiment that factors before hatching were important for chick 
survival, and suggested that the quality of the eggs was an important 
link between the parents* condition and the viability of their chicks. 


2) Breeding success was correlated with the condition of the heather 
at the beginning (r^ = 22% and end (r^ * 17%) of the previous winter 
(10), and was correlated (r^ = 37%, P<0.1 but with only eight degrees 
of freedom) with the date when heather showed obvious new growth in 
spring before egg-laying (8), 


3) ^nual fluctuations in breeding stocks Changes in the density of 
the breeding stock from one spring to another - and so changes in the 
mean size of territories chosen by cocks in autumn (Fig. 1,2) were not 
correlated with changes in heather growth in the intervening summer 
UU). In other words, the size of territories chosen in autumn was 
not directly adjusted to the current summer’s heather growth. 


breeding stocks from one spring to another were cor- 


related with 
rocks 


of Intervening sunmer 
nor l'>““n'il3ee fertility (r^ 
not (see 5 below) over base-rich rocks. ^ 


on moors over 
- 52%), but 


year7 were hleher^on^w'^ Average breeding stocks over several 

heather, and partlcularl^hv^m'^^ ground was covered by 

fertile, base-rich rocks^ hLpn’^^ young heather (10). On moors over 
from the amount and age of the Jeathe^ b Tit expected 

richer in phosphorus and certain othe^* T . heather there was 
never poor there (lower thnn or, nutrients . Breeding success was 

because the parent ^use ^err'^tw 

ere getting more nutritious food. 

These findings have the defecr r 

of being based largely on correian* ^*=’®®on to many population studies 
Hovever, tvo cnperlcenta have tested", =>“‘nges In percentages. 

1) to 5) above. some of the findings mentioned in 


1. Mtrogen fertiliser was soreaH «« 
summer, and all grouse were shot T i-w heather in early 

affected by any tradition*! ® at colonisation would not be 

creased th^ heLher 's grc:th™d’’nSrent”"“""‘" ' in- 

in autumn took territories of the s T content. Grouse colonising 
areas, shoving that territory size on experimental and control 

or quality of food in autumn when ^y quantity 

quently, territorial grouse which hnd b chosen. Suhse- 

larger broods on the fertilised than winter reared 

breeding success was influenced bv control areas, showing that 

oy nutrition. This was followed next 
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territories. 

2. An area of largely uniform old heather 

many small fires ^oung heather regenerated in the 

work of heather of different g months) . Territory 

first summer after burning (1. autumn 1965, to about half 

site decreased in autumn 1964 ^hrcmtrol ^rea. This in- 

what it had been and jl^ate step of good breeding, and 

crease occurred ‘'^^jarent in kind fLm the mechanism of in- 

therefore appeared to be different i 
crease in the fertiliser experiment. 

i. .... tlon . Moss showed that. 

Turning now to deficient in phosphorus, nitro- 

by agricultural =“ndards, heather^i are veil adaptL to this poor 
gen, sodium and calcium(ll) • digest lignin and cellulose, 

woody food; they have long caeca an ^ grouse usually eat only 

There is a great excess cSe pa^t of the plant usu- 

1-5% of the total amount of annu^ amount of annual growth of 

ally eaten) that is available. e .umbers* Indeed one area with a 
heather was not ««^,«racher frod-tion (12). In terms of 

low grouse stock had the highes grouse bore no relation to 

energy flow, the secondary production o£ grou 

primary production. 

- - fVio food, and most of the 

There is no shortage of explains why territorial 

heather is adequate for during periods of heavy 

grouse do not starve or suffer much ^^“ther is buried and un- 
snow lasting for months, when near ^ especially for heather high 

available. However grouse are seie » selective where the heather 

in phosphorus and/or nitrogen an ar usual. Nevertheless, no 

generally available is Lather is present, it may 

matter how much an excess of gre ^ -d ’’auality,” fo^ birds to 
often be inadequate in nutrients or viable chicks that survive 

lay eggs of high quality likely to p 
well. 


AIMS AT^U 

Kghavior are to understand 

The central aims of the and timing of seasonal de- 

the mechanisms controlling (a) the s breeding stocks, (b) annual 

creases over winter and so the ens -la^ions between areas, 

fluctuations, and (c) differences in popu 

Vi * fi to cruise around study 

A Land Rover was used as a ^ habitat from good vantage 

areas of up to 50 ha, and to survey car, and could usual y 

points. Grouse paid little attent on these areas eve^ 

watched behaving naturally at 50 m or les numbered 

grouse could be seen and counted, and most wer 



96 


A WATSON AND R MOSS 


plastic tabs that were easily read at 50-100 m. Their survival could 
therefore be followed accurately, and about half of those that dis- 
appeared were later recovered dead. Over 1500 have been tabbed indi- 
vidually on these areas, and about 13500 were ringed as chicks by us 
and during a cooperative scheme elsewhere in Scotland. 


TERRITORIAL BEHAVIOR 

Certain cocks were consistently found on the same small parts of 
the moor, often standing on the same stone or mound in places where 
they had their territories. From these lookouts, they launched out 
on frequent song flights, rising 5—10 m high to give a cackling call 
easily heard at 1 km. Neighboring cocks usually responded and often 
two neighbors met to parade in threatening postures described as 
walking in line” (18), 0.5-1 m apart along their common boundary. 
Occasionally up to five cocks met, "walking in line” into a common 
comer. Sometimes they fought, or showed brief agonistic encounters 
’■I"" '>y another. By plotting these 
drain encounters on a vegetation map, boundaries could be 

defonj a ® ground or territory CFig.l), which it 

ith« ihlch'5 "^^Shbots. On this plot it was dominant over all 

citli iaJmd t noticed. Some hens were ccnsist- 

any boundaries cocks, and although they did not defend 

“"at rama lim’tie Lm hens 

covery was that many grouse of h^r^’" ' Interesting early dls- 

not pair up or show cLttahtn* had no territories and did 

clasL IhLrofmn Zl t l' a distinct lower social 

driven out by the territorial birds 

The amount of hostllltv or cr r 

frequency of aEonlstir ow.. ^ .. was measured by counting the 

by scoring seiliaiiii tirZi,"' l"'i-adual's aggreslion 

With other known birds Measurl”'^^ results of its encounters 

involving displacement of on*. u "as easy with encounters 

"Walking in line" encounters wer^ ^ another, or involving a fight 
basically "draw situations" where balanced, and were 

tage. Both showed postures and ® complete advan- 

and the same bird often chaneed * varying from escape to attack, 
to another The outcome could attack from one second 

bird gave a higher frequency of att predicted by seeing which 

those of escape. The result «a« calls or postures relative to 

withdrew slightly on its side of that the other bird 

by further incursion by the "winne •• seldom followed 

postures and calls were given earlier (18)^^^ details about these 

SEASONAL CIIAJGES IN BEHAVTnp .. 

~ class A M D PQPin.ATTOM 

In sunmier, cock and hen looked af^ 

knit family party, in August, the old i in a closely- 

cocks resumed territorial 
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FIGURE 1. TERRITORIES OF RED GROUSE 
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behavior briefly after dawn (Fig. 2), rejoining their families later 
in the morning. Subsequently, the families broke up, usually in Sep- 
tember, but sometimes as early as August or as late as October. This 
change followed an increase of strife within the family group, among 
both young and old birds, and was not due to territorial behavior. 

It usually occurred before the first young cocks showed territorial 
behavior, though occasionally the two did coincide. After the break- 
up of the families, many of the less aggressive birds gathered in 
flocks which moved about locally ("transient'’ birds). The resident 
population on the moor decreased sharply in number, due to the de- 
parture of the transients which now lived mostly off the moor, in 
fields, scrub and other places which were not defended by territorial 
cocks. They often visited the moor to feed, especially in late after- 
noon when territories were least defended. 


first young cocks - now with gonads as large as 
^ old cocks on their territories, and 

was already paired. There 

and in the reshuffle in the number, shape and size of territories, 
failed K^ny young birds 

from their territories th “P* birds were evicted 

showed that old birds had°n^^ "^‘^^ssarlly from the moor. This 

the rest of the winter the<!e advantage over young birds. For 

on the moor, but were residents" lived mainly 

often chased by them out of 5^® territorial birds and were 

territorial behaviour was most mornings , when 

there were therefore vigorous. From October to January, 

l^ens, (2) non-territorial classes:- ( 1 ) territorial cocks and 

slants whose sociafcUsi non-territorial tran- 

September. been determined earlier, in 


The transient grouse fciacc 

hardly any were left bv Jamia»-« i heavy mortality, a 

some by strikinsr wnroo were killed by predators 

imply died anH j 


and 


uy scriKing wires, others . «^ii.iea oy predators . 

condition, with or without oarac 4 were found in poor 

»ortaUt^! Claas 2 grouse also 

These changes in social behavlnr a territorial birds died, 

of shooting, which in any case Population occurred irrespective 

of the surplus crop available. book only a small proportion 

There was a social order .. u 

grousa that died or disappeared ''^^y few elass 1 

were usually 

Class 2 birds that died were replaced^L^ir® ^ grouse, and some 
to January, class 2 birds were free t„ ^ ^ October 

the day. Usually they were chased onr of 

fine mornings, and on windy, snowv berrltory owners only on 

were again free to feed on the moor mornings they 

ruption. During fine calm weather, ’usu '^^^y iibtle inter- 

’ ally in January or February, 
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a sudden change and territorial behavior went on all day. 
yfuLrg this IncrfaL^ln territorial behavior. Class ^ g-use were 
now Eorcid of£ the moor to marginal habitats on ^rub and fields where 
they were seldom attacked hy territory owners. The resident popula 

— -wefe ri^eTenttgL^t^^:^ 

killed by predators. 

.... r 

“t :s.”: S...L,-— . 

fairly accurate predictions even o spring, no matter how many 

Any extra birds In November died before „ere known 

were present. Although reductions fro ^v.-.r innors this mor- 

to be due to mortality and not to "ie SPPlal 

tality came only after changes in social be av vulnerable. By 

classes and made birds in ^®®l.”rown'”young suffered almost 

contrast, territory owners and their fu g - change in 

no mortality in late summer and early autumn, before the s 

behavior. 

At the next annual contest for ""treIvLted!' 

kept their territories for a second season 

The survival of these got a territory in the first 

Class 2 or Class 3 birds which had nev 8 glasses of red grouse 
place (17). The annual mortality twice. The short life was 

combined was about 65% and few birds , , birds. Furthermore, 

partly due to frequent evictions of es a „a„,.er survived very 

any grouse that gave up their within a week. Such birds 

poorly thereafter, and in some ^ven though - as also 

rapidly lost condition and fed very xi » , the afternoons, 

occurred in autumn - they were free to ® berries, grass seeds and 
and even though food in the shape of ea » , importance of 

oats was super-abundant. These examples again show 
social status for survival. 

.. A >^■^} 13 exoerinents in which part 
The above conclusions were teste y areas of moor up to 

or all of the population was removed from cer hypothesis 

AO ha at a time, involving a total of 1 8 removed birds would be 

derived from the descriptive , hypothesis were Incorrect, 

replaced by non-territorial birds. been that no replacement 

the outcome of the experiments v territories on these 

would occur. In fact new birds read! y usually about the 

vacant areas, and the population next . owners sometimes 

sane as before shooting. Neighboring cround, but most colonls- 

deserted their territories to occupy ^ - latter subsequently 

ing birds had not previously had territories. 
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survived the winter and summer uell, and bred successfully. Again, 
while young cocks never took territories before late September in 
unshot populations, young cocks only 12 weeks old took territories 
at the beginning of August if old birds were removed. Almost no 
changes in replacement or ownership occurred on unshot control areas. 


These results provide experimental evidence, supporting the con- 
clusions from the descriptive studies, that (a) the size of breeding 
stocks was limited by the presence of territorial birds, and (b) 
that lower-class birds were capable of showing territorial behavior 
and. of breeding, if the inhibition due to the presence of established 
upper-class birds was removed. It was clear that social dominance 
affected land tenancy and Inhibited others from settling. 


DIFFERETJCES BETWEEN INDIVIDUALS 

. In any one year, cocks with the biggest territories had two hens 
^ only one. Cocks with very small territories had no hens 
annual survlved the summer and so had another chance at the 
did obtain territory in the following year when some of them 

feasSefh, aggressive cocks (ss 

»ith the result"^ of* ^ * ^l^equency of agonletlc encounters together 
the llige^r^errlto urusV ^nf territorlsl neighbors) had 

owners were unmated Th« e ’ aggressive territory 

appeared over wint.ir territory owners that died or die- 
tary eiso "'“H" territories (20). Terri- 
tories being small amnn ^ visibility or poor cover, terrl- 

By partial correlations* .'"■Jlotks and big on open ground, 

manly correlated with acor.^i territory size was prl- 

variation according to co?er (18l’ secondary local 

changed from one year to anolW^’i territory size 

ingly. » its aggression changed correspond- 


There was no correlatinn i. 

territory size. Nor did te ^ ween the number of young reared and 
good breeding success one vHe owners which had a big territory or 
many of the mote aggressive t "'tcssarily do as well in the next year, 
became non-terrltorlal In » ^"'ttory owners lost their territories and 
■‘•11 d second year. 

Does a cock have a big te i 

is It more aggressive became It Is more aggressive, or 

conclusions in the last naraena i. “v** Bigger boundary to defend’ The 
are based only on correlations ** n ^nut territory size and aggression, 
experimentally by altering bii-Ho' ^ these findings have been tested 
hormones (17). iWo territorial ■ using implants of sex 

much more aggressive, almost douh^lT androgen became 
time in courtship and paired with n territory size, spent more 

only one. Another territorial co hens instead of none or 

hen and eventually its territory oestrogen lost its 

finally _ two non-cerritorlal cocks 
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FIGURE 3 . RELATION BETWEEN POPULATION AND TERRITORY SIZE 

Annual fluctuations within one area in breeding stocks and 
in the mean territory size of cocks of different age. 

Breeding Stock on 
460 ha (birds/km^) 
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in poor body condition, which were Implanted with androgen, regained 
good condition and drove back existing territory owners to take en- 
tirely new territories. Although both remained unpaired that year, 
they survived the summer. One cock paired up with a hen in its ter- 
ritory next year and bred, paired again for the following season, and 
was an unmated territory owner in its fourth year. Without the im- 
plant, it is almost certain that these cocks would have died in their 
first winter. These experiments supported the conclusions from the 
field observations, that a bird’s chances of survival and breeding 
depended largely on its social status, and that changes in aggression 
caused changes in territory size and status. Social status was 
greatly influenced by the bird’s physiology, which is probably most 
important in autumn when the social classes are first formed. 


DIFFERENCES BETOFR^ YEARS 

The whole ot each moor, wherever heather was the dominant plant, 
breedtn^^ r grouse territories, so changes in spring 

and not®rr°»'‘, changes in mean territory size (Fig.l), 

t to certain areas being unoccupied in some years. 

grousJ'Sive showed that on average 52% of the 

annual mortality USrwaresX average 

A hlaher nrooorf,!^! “ortality was socially Induced, 

density was hieh and^rh"'^ hon-territorial in years when population 
latlons w«e ^ P-^hP^tlon was higher in years Shen popu- 

(mean 38%) One (“ean 61%) than when they were increasing 

change ^i;osa^bi eacf^ ^"'“'‘""'' fl"«“«i=>n was due mainly to 
cock! „e„ m^r^ consrrtativl T f 

their territory size till th* the summer did not change 

October-NovembL! reshuffle ot territories in 


after good breeding succesr^in breeding stocks usually increased 
creased after poor breeding At ! P'^“®^bng summer, and usually de- 
by a simple effect of numbL, rn. t Phis might be explained 

available to compete for territ . ^ breeding, the more birds 

examples with the highest nrov„„, f"** ''‘‘P® bersa However, some 
were during declines when population j‘'®P/“bled to get territories 
slderably, to quite low levels n i already dropped con- 

tuatlon, the proportions that failtj ^hPccalvely-studled fluc- 

decllne were 67% and 60%, compared wltt =fPPP=clve years of 
year of Increase (Fig 4). No matt, i, °”by 19% in the subsequent 
considerable proportion of the grttte “ 

to sot territories later, even fhttth S felled 

declining in number from year to yeS atock might be 

Itself of no consequence to the poDulan™“^ breeding was by 

neck was again aggression in autlt tt »f bottle- 

potential recruits were available beea.,e aatter how many 

a variable ceiling to the level of !! territorial behavior set 

breeding population each year. that could get into the 
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FIGURE 4 . % LOSS BEIVEEN AUGUST AND THE FOLLOWING SPRING 

NOTE: This figure shows that winter losses were not 
simply proportional to density, but varied 
according to whether the population was in- 
creasing or decreasing. 



Population density in August (birds / ) 

Percentage losses from August to April compared with 
August population density, during one fluctuation (number 
of young; 1 old in parentheses). 
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For these reasons, the correlation between breeding success and 
subsequent changes in mean territory size and in the next spring's 
breeding stock was not direct cause and effect. Instead, changes in 
breeding success and then in mean territory size and breeding numbers, 
may be different consequences of a common antecedent. Territorial 
young produced in a year of good breeding may be of different type 
from those produced in a year of poor breeding. Detailed study of 
one fluctuation showed that after two summers of poor breeding during 
a population decline, these two year-classes of territorial young 
were more aggressive (not significant in one year), took bigger ter- 
ritories (Fig. 3), and lived longer, than other year-classes (i.e., 
old birds) taking territories at the same time (17). Conversely, 
territorial young produced in two years of good breeding, when the 
population increased again, took smaller territories than other year 
Classes. From one of these years of increase when the relevant 
sWer?ime.''“^ aggressive and lived a 


regulatino'^the^deic'^^^ size is the proximate factor 

population level 

spaojg irde;Lr5“(n“fv"J: ^lotively smell (I.e., 

on areae where the heither hL beci^h fortlllsed areas, (3) 

to 2 ha, and (4) on hlllooky areH a" patches up 

ity* Effects (1^ and n\ ^ ”ith good cover or poor vislbil- 

proved nutrition of breekn^bi^d^® be similar and result from Im- 
associated with the production consequent good breeding 

ritories. Nutrition anoearK i- y°'^”S which later take small ter- 
(1) and (2), by affectine thp b t, spacing only indirectly in 

Unlike (l) and (2), effect f3T ^ the young birds produced, 

breeding, and thus apparently aS absence of good 

change in the territorial beLvlor^f directly, causing a 

sent upon an area. Burnlnp cautso ^ individuals actually pre- 
heather sward as well as subseauent structure of the 

ease of access, and gross amount of k the nutrient content, 

are responding to an increase in i Presumably the grouse 

Ing. We have not yet identified associated with burn- 

the gross amount of edible heather ^ tasource. but we know it is not 
sence of heather of high nutrient simply the pre- 

hlghest in nutrients m the first rageneratlng heather Is 

change till two and a burning but territory 

Effect (4) also appears to be the en t» after the first fires, 

case to the physical structure or topographr^f 

As a generalisation from these ee , 
considering differences between are.r =sy that, 

, ^PO'lug in red grouse (i.e.. 
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near, territory size) changes in relation to the 

quality - but not quantity - of food, cover, etc.), but that the r 
lation^to food is apparently not immediate or directly adaptive. A 
ifrtaln minimum area may veil be required; but ‘^is densi y 

space per se appears to be less important for population regulation 
than the resources per unit area. 

Although ue have shown that numbers sometimes va^ with re- 
sources it is not impossible that at other times numbers may vary 
inderendertly of resoLces, as a result of ■changes with n^the popu- 
lation. This view has been expressed most strongly y Y 

considers that changes in numbers of animals from ^ “ f “^“^‘^ed 
areas may sometimes occur because of 

population at high density, in Che absence of a J ,3. 

tion in food, weLher, or other features in the f 
This view does not conflict in any uay with the fa rouse 

behavior is the proximate mechanism of regulation in r g 

Given that breeding stocks are controlled by territorial behav- 
ior, the general question we have Co ask is. ^ gpeci- 

territorial behavior Induced by ^n res breed- 

fic question is: why do young birds produc y vears of poor 

ing 2ake small territories, whereas Produced ^ Xarin 00^ 

breeding take big territories? We have already sho® that^in^on^^^^ 

fluctuation over several years ®”l’ter spacing behavior 

association between breeding dories . This observation 

of those young which subsequently got terri other areas 

also explains the correlation observed year 

(see Populations and Nutrition) ^ generally true, it may 

and subsequent spring densities. ^ hypotheses are not 

be speculatively explained in several way ^ > 
necessarily exhaustive or mutually exclusive. 

1. Poor nutrition for the parents may^deprese 
and also cause surviving young that ge .^,.^^nrlBS This direct 

aggressive, or at any rate to take larger ® wholly 

effect of nutrition on behavior would backgrounds might 

phenotypic, since parents with dlfferen 8 since the 

differ in susceptibility to poor spring n * ^ genetic 

heavy mortality involved in poor chick survival may invor 

selection. 

2. Family size per se may affect “Sgtesslon, 

(i.c. poor chick survival) leading *=“ “°’^^,jr?\roods are small in the 
of the quality of young in these broods. ^ hypotheses 1 or 3. 
first place would still be an open question, 

Ko a cenetlc selection for more 

3. At high densities, there may be a ge 

aggressive types of animals from a polymorpnrc o resulting from 
aggressive animals would be favored during t 
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high density, and may also depress the survival and reproductive rate 
of later generations. Poorer food, or any other change in the envi- 
ronment, would not be a necessary prerequisite for this selection to 
occur, even though it might be sufficient to cause a decline in num- 
bers on some but not all occasions. 

A requirement now is to get more data, experimental if possible, 
which will establish or refute the idea that parental nutrition 
affects the quality and behavior of the young (Hypothesis 1), and 
subsequently territorial behavior and population regulation. We are 
currently measuring the nutrient content of the main food throughout 
e spr ng on eight study areas - six for red grouse and two for rock 
hypothesis 1, but it may incidentally 
^ ^ eiice about hypothesis 3, by detecting any cases where 
I value decreases or Increases vlthout the 

nerlncMr,f r ' response predicted from correlations and ex- 
larlv where “here a population changes - partlcu- 

S^fL " preceding change L nutrition, 

ulatlons and Kutrlti nutrition Is Inportant (see Pop- 

peratlng or that It can explain e.erythlng that happens. 

Intraspecific Strife 

elude those*behaviorai^rh!.^««^^y° "aggression” rather loosely to in- 
grouse gets a territory or which determine whether a cock 

What was actually neasure<i i size that territory is. 

counters with other birds wM was a) the mean result of en- 

but also separately b1 thi ® measure of relative dominance, 

songs, which are measure*! nf agonistic encounters and 

Measures a) and b) are cLrclajL'^T^ ^^P-Ptlnn and strife. 
Important point is that we know rh " saae individual. But an 
inherent aggressive drive of ^ V Independently of the 

other factors which eve dlscusseneIow“"’ “'='=“^■>^■'8 “ variety of 

Before giving examples an 1 ™ 

amount of strife Is usuLly a qualification Is that the 

ylous annual reshuffle of LrrJtnrr“'"“ events at the pre- 

(called resultant strife beloul assume that later strife 

and nay reflect them. Causal strtf! “"tlnuatlon of earlier events 
vere made continually enough - ircLr^."'" observations 

ac^n numbers changed eeasuna^rcSl^at^S 


uitierences 


J>trlfe Between Areas 


100 hj!““iS“e var^ucHtrir™ 2-SO cocks per 

slty and almost none at lowest dcnsltv ‘^""^'-P'^ntly at highest den- 

y- Birds were so distant on 
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low-density areas that there were rarely enough stimuli from others 
to cause iLeractlon. On high-density areas, they were so near that 
they usually saw and heard their neighbors very clearly. 

On an area A with a consistently high density, cock X with a big 
territory of A ha is more aggressive than its average neighbors with 
2 ha each (see Differences between Individuals). But is cock Y. 
a 10 hrterritory on area B where density 5; 

average territory is 10 ha, any more nggressive than X? Y n^mply 
have a different "aggressive response curve” (13) from X. ®ns,^X^_ 

drives out intruders 100 m birds with 

whereas Y reacts strongly up to 300 m. nooula- 

small territories may be more tolerant than “nds in sparse popula 

tions where territories are bigger, yet ^Ls- 

more frequent strife. The frequency o decree of contact 

ure of aggression if it is merely a result of the degree of conta 

between neighbors • 

Another variable is that strife Ltween 

may vary directly with ^nbitat, for e p hillocks compared 

areas with different cover or visibility, „a^or chanee in that 

with flat ground! or within an area following 
area, causid by the burning of heather in many small patches. 

Differences Between Years in Strife Within Areas 

Within one area where numbers increasing 

grouse showed more strife when at during the decline, and 

from low numbers. But strife did not 1 already dropped con- 

was Indeed greater then, even »hen numbers had^already 
siderably and when one might expect t P , . . ^ study of flue- 

would have been relieved. "rhrptoportlou of 

tuatlng rock ptarmigan in Scotland Li ) • ' , , cases 

grouse falling to get territories was as g .j, as „hen In- 

much greater [Fig. 4]) when the effects of 

creasing. The word "crowding is Y^^^ crowd is 

other animals may be as great, if not ^ ' behavioral character- 

thinner, because the animals may have 
istics. 

4 ti Qtrife were not directly re 
In these examples, Lther the nature of the 

lated to variations in density. Henc these fluctuations, or 

aggression shown by the birds altered u . By ejecting less 

else the capacity to withstand aggression territories during a 

successful year-classes, young ”,„,..!„ 1 on as well as more 

decline probably showed more inherent gg blv enhanced in 

tolerance of it. Inherent aggression P, g^sed strife in the 

cocks after hormone implants, because y curves, and- 

experimental area and had higher aSSresslve r nclgh- 

kecause they gained larger territories by driving 
bors. 
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Comparison with Current Population Theories 

The number of breeding grouse was in no case reduced by birds 
showing non-breeding. Although the density of the breeding stock 
was inversely correlated with breeding success in the same summer, 
this effect was negligible for population turnover compared with the 
numbers that later failed to get territories. Thus non-breeding and 
"density-dependent" poorer breeding were unimportant, unlike some 
other animals (20). 


Population regulation did not occur through "density-dependent" 
mortality as a direct result of starvation and food shortage, as 
suggested for great tits (Parus major) by Lack (16). Most mortality 
was socially induced and occurred secondarily, only after changes in 
social behavior affected the status and behavior of certain categor- 
ies of birds so that they became more vulnerable to all mortality 
factors The immediate factor controlling spring breeding stocks was 
the number of birds taking territories in the previous autumn. Thus 
the wrk confirms some ideas of Errington (5) and Wynne-Edwards (20) 
about mortality, and of Tinbergen (14) about territory. Iha sice of 
^ correlated with the 

Tiitier furthermore, the fer- 

Sitr^ken bf t f adjustment of the territory 

eutum ?o Lm loci in 

size - and thus snr,^»^ evidence at present is that mean territory 
to the food's ouantif^ Population density - was not directly adjusted 

prin^:pirby\5:;“!^L:L''<2sra:: r'rfkf 

the case of heather hu-rT,i / ^ ^ exception may be 

are not sure of the mechanfsm'i^lved^err 

changes in the behavlorand”?iabil''f^ ’ breeding stocks via 

a background of changes m t-h young, occurred against 

-..j ® patents nutrition 


— -o— ..... cue uenavior 

1 background of chances young, occurred again 

spring and winter Changes in nutSi ‘'h® previous 

weather Adjustments therefore on! o affected by 

state of the heather, but they wer change in the nutritional 

^®^^ltorial cock grouse from 

decline took bigger territories H reared during one 

tonal grouse from other year 1^” w®re imare aggressive than terri- 
support Chitty's ideas about EeneM^ This might 

declining populations (3) gut th ®®l®otion for aggression in 
grouse survived better when thev w^ aggressive year-class of 
peared more viable than other year M adults and so ap- 

selection against some other attrlh r whereas Chitty expected 

vival However, he suggested survival viability or sur- 
and not a necessary part of the hynoth ^ a likely possibility 
bute was selected against Alternative! ** some other attri- 
tion did occur in grouse, the assuming that selec- 

postulated may not be genetic 
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Poorer food or other environmental features might affect the chicks' 

slders it is not always a ®,rgrousf hurnone 

the previous paragraph. 


SUMMARY 

The way in which nLStlof and'orter 

“fL^™er:f?hr::vK:nre?t!"space per se appears to^he^ 
portant for population regulation 

space, at any rate in the species mentioned belo . 

Research on red grouse (L agop ^ ' '‘'d^ipv o lved^stu tLs of spacing 
( Calluna vulgaris) moorland Scotland , processes, and 

patterns and mechanisms, social status, p P Field observations 

nutrition and other features of the environment. Field 
and experiments showed that the density ° after an annual 

limited by the number of birds Ltablished a class 

contest in the previous autumn. This c , Every autumn, 

system, with upper-class 1 ‘’f 2 or lower-class 3 grouse 

there was always a surplus of middle cx which failed to 

(varying from year to year but on average the*moor by the ter- 

occupy territories, and which were evic e territories vigorously, 
ritory owners when these were defend! g flocks, moved more 

These Class 2 and Class 3 birds gathere undefended ground where 

Widely, snd spent more time in scrub and J Jquently 

their main food supply of heather ts and other causes be- 

they nearly all died from predation, rocks and hens paired 

fore the next spring, while Class 1 «rrxtorral cooks^^^^ 

With them suffered very little mortal! y 

Seasonal decreases in the “°°'^'®^^®espectlve'’of changes in nu- 
ceded by sudden increases in strite, e in weather (winter) or 

trition, but associated either with c most aggressive Class 

in the birds' gonad maturation (autumn). l-wo hens, while the 

1 cocks took bigger territories and territories and remained 

least aggressive Class 1 cocks took small . that increased 

uimated. Experiments with horraone^unp social status, ter- 

aggression enhanced the individual s cons breeding, 

ritory size, survival, body condition and chances 

All suitable habitat was occupied, j to changes in the 

stocks from year to year within areas occ 
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size of territories occupied by young cocks. During one fluctuation, 
young cocks that took territories during two years of decline - after 
sunmers of poor breeding - also took bigger territories, survived 
better, and were more aggressive than territorial cocks from other 
year-classes over the same period. Conversely, young cocks after 
summers of good breeding, took smaller territories and survived 
worse than other year classes over the same period. Poor breeding 
in years of decline was correlated with factors occurring before the 
eggs hatched, in particular with poorer nutrition of the parents be- 
fore egg laying. Experimental improvement of the parents* nutrition 
by fertilising the heather caused good breeding and subsequent small 
territories. However, mean territory size after the annual reshuffle 
of territories in autumn was not correlated with either the heather’s 
quantity or nutrient content in autunm. An experiment showed that 
birds coming on to a vacant area which had been fertilised did not 
adjust their territory size to the quantity or quality of food at 
this time. Therefore the present evidence is that territorial be- 
J?! in autumn was not directly adjusted to either the quantity or 
nlain'^thp ^ available then. Several hypotheses to ex- 

sint considered, but the Lin one at pre- 

by their behaviot of young birds may be affected 

vlro^L anr^h^ "'‘trltion, ohlch Is a direct link betLen the en- 
ec aniam for spatial and population regulation. 

was associated^Lth^c^^^^*^^^ between areas, low mean territory size 
nutrUnrc“fent of and with h^her 

on moors over base^Uh 5ocks"than' ““1 quantity) 

lying fertility. Low poorer moors of lesser under- 

differences in habitat st>-t also correlated with 

on areas with hillocks) and'wlth visibility or better cover 

availability and nutrlUve value of‘‘Srh physical structure, 

tional burning. ^ heather sward after rota- 
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INTERGROUP RELATIONS IN RHESUS MONKEYS (MACACA MULATTA) 

H. W. Marsden 

I have been concerned with social relations between social 
groups of rhesus monkeys ( Kacaca mulatta ) . My studies have a dis- 
the major topics of the first two sessions 
of the Symposium, even though spatial parameters per se have not been 
e ata of choice; instead, social interactions have been recorded. 

Pflr-h set-up consists of two 1/A acre enclosures, 

sures group of rhesus monkeys. The two enclo- 

("doors"') whiph*^ ^ tunnel which has a barrier at the midpoint 

£on™Sn “"'‘I*'’ '«"• tour recent studies rnclude the 

respect to competitiorforuse rhesus monkey with 

nance and not tcrntorialitv J Intergroup doml- 

4], contact betueen a doii^aL slid 0 = 1" the field [1,2, 

densation and retreat by the suborfi group results in con- 

tlon. In the enclosure! thL ? f of 1“==“- 

home enclosure of the subordinate gro!!^'*'*' within the 

Induced by the remo!al”o!'*MS!XL^™'''*®''“ '>'= experimentally 

Under these conditions of instabilijr" • "peripheral" males, 

form of group defense of territorv dominance, a 

each group had a clear advantage became clear that 

viously, under the usual conditions of enclosure, when pre- 
advantage appeared to exist. complete dominance, no such 
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3 The frequency of agonistic Interaction within each group 
during intergroup conLct was remarkably different and appeared to 

ras:/irfarafakrdS:rr^^^ 

Serifs “rfrerrahTe rilt—uhfrdiLte 

was able, literally, to double Its of the do- 

Srnt gifup'^ reSfe^fw^f r^tri^terto an area of less than 1/15 
that of Its own home enclosure. 

.. “/n: “sr— 

iTe’^^nraL spread out and 

:“iyrr:^rt: ^e fe:r™nrirmed”:n -y/^--/^-:,:“ft^rtua?rn 
fppfa^sTi = “rf^ofreri:. 

here the interg roup aggression decreases. 
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THE REGULATION OF TERRITORIAL MARKING 


IN THE 


MONGOLIAN GERBIL* 


V. D. fkvessen 

A 1-hP Study of territoriality 

Notable progress has been made i h for 

in the field and theoretical advances a laboratory studies have 

greater understanding. Regretful y» concept of territoriality in 

lagged far behind, primarily because ^ domesticated species 

the laboratory is vague at best, an «ni-urallstic observations 

usually studied do not lend themselves to natural 
or interpretations. 

iAn7R^02 and by UIMB Research Develop^ 

*Suppoi'ted by NIMH Grant No» MH t 
Tnent Awa^d MH tZ; Z74-0Z 
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Because of these difficulties, our laboratory group has turned 
to the Mongolian gerbil ( Meriones ungulculatus ) for study. The ger- 
bil combines qualities necessary for laboratory work with a discrete 
territorial response associated with its midvcntral scent gland. Our 
global intentions are to 1) define the characteristics of the terri- 
torial response, 2) describe the environmental regulation of the beha- 
vior, 3) uncover the physiological mechanisms of control, and 4) unra- 
vel the social significance of the behavior. Some advances made in 
these directions during the past two years are summarized here. In 
general, we are interested in introducing a species and techniques 
which may serve as prototypes for the laboratory study of territorial- 
ity in mammalian species. 

Gerbils mark objects in their environment by pressing a mldven- 
tral sebaceous gland on the objects, leaving a sebum which is oily to 
the touch and musky in odor. Males mark pegs in an open field about 
twice as frequently as females, which corresponds to differences in 
gland size. 


Both marking and the gland pad regress in adult male gerbils fol- 
lowing castration and can be reinstated by the injection of 80-640/4g 
of testosterone propionate injected twice a week. Moreover, the tes- 
tes must be present for the normal development of both the marking and 
gland growth are facilitated in the fe- 
testosterone but ovariectomy does not necessarily lower 

gonads probably control marking by stlmu- 
oloiata infn=.H ? ! 1-25 /-g testosterone pro- 

?! !!!! ««rlcles of caswate males elicits 

vious systemic after infusion but does not result in ob- 

toxic marking lo T,rtf ^ '* per injection) that is not itself 

known to bind DM and p?“Sf A«inomycin D. which Is generally 

effects of the hormone! Our tenL??r°!; '’"i™ negates the 

from the eonads dPTii-occ, tentative hypothesis is that steroids 

tral nervous system 3110^1^^?^ specific sites of the cen- 

cytoplasmic enryme formation i™!!w RNA to stimulate 

nvolved m the final motor response. 

We assume that there is a ^ ^ j 

on objects. The eland couia c Snaling feature to the sebum deposited 

definition of terrltcriri functions. Including the 

individuals and species and alarm, recognition of 

tions. It appears that males rrvm^ dominance-submissive rela- 

tant in marking, snif f ?„rirob wS ® "o” 

triplet and paired fighting contests activity. In both 
one that marks more. These data gi!e tL'*!!??!!"? J!?!!" 
minance formation is ordinarily niedeto™! ! ! Information that do- 
marking status of the indlvlduL"^ and Physiological and 

» ot the reverse. Increasing 
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density in adult male gerblls from 
denreases marking, urination and seminal 

. * 4 . 4««H-,.oacef1 These data are consxstent witn tne earxiei. 

tLt ro“ s^resfes or lot, social status are associated with 
depreSed terrltorLl marking and a lowered level of androgen secre- 
tion. 

Androgen may be the primary hormone of territorial control in 

-ie^rer^;rmre!nii^^^^^^^ 

faS;gnp 

gene activity within stimuli, social and other- 

stimulation of motor activity. External stimui , 

wise, modulate this activity in various ways. 

mapping human movement with the aid of a computer 

R. E. Herron 

It might be of interest “'““^J.rsi^^ra^to irat'^or^ed’' 
developed [4,5] in connection with research 
over the years by Esser [1»2,31. 

our method is based on using “”,f,rarselecrer'"' 

the location of individuals ^ \ feasibility study, a re- 

points in time. After we slAtt and Tester [6] to map the 

markably similar technique used V conditions came to our atten- 

movements of wild animals under na ri-jfferences» both techniques 

tion. Although there are a £«,^Xilon ofspatiitemporal data 
are based upon the same principle— reduct 
to coordinate form for convenient computer processing 

In one application, we used an ;°JuS^atThelght 

(with a fish-eye lens), photograph the floor of an 

of approximately nine feet, “ P „onds throughout 15 minute play 
indoor playroom at intervals or r ^ erid of three feet squares 
sessions. The area was marked off t” “ | coordinates for the 

With masking tape so that it ^ These data and coordinates 

position of each child in each photogr p . the equipment 

for the areas occupied by equipment or areas su 
served as input to the computer. 

A relatively simple program was then written to pro 
lowing types of information automaticaiiy . 

1. Each child’s changes P°®^^5^°orger^''on'^a plan view of the 
displayed graphically, in chronological order, 
play area. 
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2. The distance represented by the total changes in position 
of each child per play session and the mean distance for each child 
over all sessions. 


3. The aggregate distance between each child and each of the 
other children for each exposure and for each play session. 

4. The mean distance between each child and each of the other 
children during each play session computed and displayed as a func- 
tion of time (with succeeding play sessions). 

5. The frequency of entry of each child into each of the spe- 
cified territories for each play session computed and displayed as 
a function of time. 


6. The frequency each child is alone in each territory per 
play session and the incidence of solitary activity computed and dis- 
played as a function of time. 

*4 frequency each child is accompanied by selected permuta- 

other children in each territory per play session com- 
puted and displayed as a function of time. 

children Into each of the 

function of time!'^ ** computed and displayed as a 

raadll5\f devi8eras%eqSl«d^jr‘'''“°'"'®’' manipulations can 

ticular investigation. ^ answer questions raised in a par- 

individuals' locaUo^^lt^speMj? fd studying any area in which the 
Cartesian coordinate form Points of time can be recorded in 

is the fact that it tends'to i Photography for this purpose 

yields a permanent, visible rLorrar^’^^’l and it also 

drawback is the tedium of manual ^ ' relatively low cost—its major 

want of an inexpensive automatic analynS.°^ 

Among other considerations the™ t 
such matters as sampling rates and th ® further explore 

intervals between observations c w random versus regular 

greatly by the exigencies of each e*^ ucclsions will be influenced 
“ nnperlmental situation. 

We are now applying this neth 

and it seems that the method has hospital design 

of other situations involving documental!: a wide variety 

spatial behavior. cion and analysis of human 
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USE OF TELEMETRY AS A MEANS OF STUDYING 

SPACING AND BEHAVIOR OF ANIilALS* 

R, Teeter, D. 5. Stmff and C, R, Jeeeen 

Understanding how wild, unrestrained animals utilize space in 
their natural environment implies knowledge of their precise location 
over a given period of time. In addition, to consider the social in- 
teractions of spacing one must have knowledge of the locations of many 
animals simultaneously. The recent development of telemetry tech- 
niques has made it possible to obtain excellent data for the study of 
movement patterns and the concept of home range for many species of 
vertebrates. A research team at the University of Minnesota has de- 
veloped an automatic radio-tracking system located at the Cedar Creek 
Natural History Area in east-central Minnesota. This system continu- 
ally monitors and records movements of animals carrying miniature ra- 
dio transmitters [14,2]. Animal position and activity data, recorded 
minute-by-minute for up to 52 animals, have been utilized for the 
study of many mammal and a few bird species [12,6,7,5,3,11]. The 
purpose of this paper is to introduce the reader to types of informa- 

*This research was supported by the U»S, AtOTntc Energy Ccrrmsston 
(€00-1332-46) and Travmng Grant No. I 701GM01779 from the 

^^atvonat Institute of General Med't-ca'L Scvenoes, 
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tion which can be obtained with this technique and to relevant pub- 
lished literature. 

The most detailed analyses of movements and relation to spacing 
have been with data on larger mammals such as red fox, snowshoe hare 
and white- tailed deer. Computer programs have been developed to 
handle the large amount of data generated by the system, Siniff and 
Tester described initial attempts at computer analysis of radio-track- 
ing data [9], At present an extensive "software" system has been 
specifically designed for the analysis of position and activity data 
on a CDC 6600 computer. 


Analysis of these data has required new methods both in terms 
of data handling and data processing. The home range patterns we 
have observed, which are not adequately described by past models [1, 
12] have led us to consider other models and approaches. Within a 
home range there are usually several areas of intensive utilization 
activity; these may shift in time, depending on indi- 
V ua or environmental variables. For mammals which are established 

^ stable entity where the anl- 
sys year after year. Juveniles have been observed to have often 
pattern where they eppear to be searching for some "unoc- 
eral are become established. Usage patterns in gen- 

n^isScto^ however, the eject nature of a 

JJ havrJjJJlJJJJ r at this time. Therefore, 

some of the eher computer simulation to measure 

These attLptS dJ^J^cSe" f home range model [10]. 

we observed'utlllzine tJliLj ^ P'^°hability distributions 

daily actlvitv f^®hty as the animal traveled in its normal 

nature and throueh , “Nation we have carried out is stochastic in 

whiJh hSp JntejSet anZl“: “'^hlished certain guidelines 

mals we have observed were 0070 ^"' ’^he movements of ani- 

thus the simulation model we have random-walk nature and 

areas were utlllied with higher P'='l“hred that certain 

home range. Parameters of tv.» Probability than other areas in the 
button have been used to comparrihr'’? probability distri- 

those observed by telemetry ^ simulated movement patterns to 

tribution is a good aDorovimtu- " general, the negative binomial dis- 
of the various estimated naramer” telemetry data and the values 
inter-species comparisons. suggest a method for intra- and 

The simulation model is a methnsi , u x. 
applications in the study of soatlai appears to have numerous 

behavior. Simultaneous simulation temporal aspects of animal 

provides guidelines for evaluatine ro individuals In an area 

whether avoidance or attructi„;‘rs tJSL^ mterpreti^ 

Stick for comparison, and it is antic ^ requires some "yard- 

procedure may provide such a crlterion^^^r^^ simulation 

to more fully understand what is possible 

y random contact between in- 



PREPARED DISCUSSION SESSION H 


119 


dividuals, given that the pattern of movement is contagious. 

Although the automatic radio-tracking system at the Cedar Creek 
Natural History Area is unique in terms of its scope and automation, 
many investigators associated with this project are now using port- 
able tracking equipment to study movement and activities of animals 
at other locations. Because the transmitter makes it easy to locate 
individuals even after death, some studies have been made attempting 
to evaluate mortality factors. Hessler and Schladweiler have utilized 
telemetry techniques to study mortality of artificially propagated 
pheasants and mallard ducks, respectively [4,8], Other studies are 
now in progress utilizing portable equipment to study social spacing 
and mortality in wild populations of waterfowl and upland game birds. 
Recently we have had inquiries concerning the possibilities of plac- 
ing radio-transmitters on humans to study special aspects of their 
behavior, and future studies may be made in this area. 

We have also utilized telemetry methods to study the effects of 
low level radiation on animal behavior. It is evident that one of 
the problems of the future Is the greater risk of exposure to ionizing 
radiation. Possible effects of ionizing radiation on the behavior 
and breeding biology of lower mammals is important to the understand- 
ing of possible effects on human populations. With the telemetry 
system it is possible to capture wild mammals, expose them to a sub- 
lethal radiation dose, and then monitor their behavior after release. 
We have carried out work of this nature on raccoons and snowshoe hares 
to detemine changes in movement and activity rhythms [13], Since we 
have been faced with detecting changes in behavior, it was necessary 
Co develop suitable methods of analysis prior to attempting to eval- 
uate effect of sub-lethal radiation. With the simulation model we 
anticipate gaining further Insight into changes in behavior and are 
now proceeding with the analysis of such data. 
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Discussion of Session II: 
Space and Contact Behavior 


PANEL J A Lloyd (Chairman), S A Altmann, 

E M Banks, G McBride, H M Marsden, 

E W Menzel, W Sheppe, J G Vandenbergh 


In reference to how space should structured^f^r the^use^of^^ 

urban populations, I would like to ““ ^ to control aggres- 

Eastern cities this past s^er “ attempt ^t”, as re- 

slon in a very real sense ® ’ neiehborhoods and many areas 

gards tense situations existing in many neighbornoo 

in large cities. 

e .■4<ns>iiv every public square in the city was 

In Philadelphia, practically '^/tity, almost every evening, 
utilized during July and ^ jtom chamber concerts and eso- 

these public areas featured even , _^j,j,terts and teen dances, 

terlc plays in Rlttenhouse Squa throughout the city. Street 

thus providing a wide variety utilized by traveling players, 

areas in certain neighborhoods w turned out that they in- 

The plays were, ostensibly, ^ local cornraunities were 

volved entire communities. Reside many instances, hostility to 

invited to participate in the plays. verbally, and the entire 

other segments of the community was acted out vero 
situation became somewhat therapeutic. 

activities had anything to do 
Now, one can argue 'Whether thes cities in which these 

with controlling outbursts of .. helped. We do not know 

things were done. Many people fee 
whether it will continue to work or n 

4 Mqid* is that we desperately need to 
But my point in mentioning this is better use 

start studying, methodically and to control aggression 

public space to Improve ^he quality problem, 

in our society. 1 think this i 
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I think a corollary problem to this xs: as a species, what are 
the limits to which, in terms of the numbers and kinds of stimuli, 
we are capable of adapting? Also, how can we learn to structure our 
environment so that we reduce noxious stimuli and increase stimuli 
that are not physiologically or behaviorally damaging to us? 

Another question in my mind: What is the minimum amount of space 
needed by an individual to maintain mental health (for want of a bet- 
ter term)’ 

Altmann' 


Dr. McBride and Dr. Brereton have described in detail the inti- 
mate structures of spacing relations among animals. Then Dr. Watson 
a coup e of levels and told us about the relationships be- 
oria size, home range, population density and reproduc- 
sevLa^vf/.: ^ these process^. For 

’.1 work on yellow baboons, Paplo cvnoceohalus , 

dLte Inverts ll worklnltT an lnteLe- ~ 

the one hand anH ^ Ses the gap between the structure of spacing on 

the particular wav in whioK%J^ function or adaptive significance of 
they live’ animals utilize the space In which 

have no territories .^euherindLld^'^ii^'^® social groups and that 

a very large home rane® u., u ^ collectively. They have 

went and what they did in the ^^ept detailed records of where they 
been piecing together the range, and have 

ties of these animals enahia ^ ‘ movements and other activi- 

four of 

details, see Altmann and Al^m= theme of this Symposium, For 

rations apply to the various sttcie^o/b generall- 

literature, they appear to Kp ‘ ® baboons, on the basis of the 

primates. How much more several other species of 

They are as follows; applicable remains to be seen. 

1. For any set of tolerable 

and other adaptive activities of ®^°^°8ical conditions, the movements 
distribution beyond which reorodiiei- toward some equilibrium 

rate is higher, or both. Each success is lower or mortality 

range has a certain utility to the sector of a group’s home 

tween what they gain from the sectn^ ^ namely, the difference be- 
sources that will enhance survival I*.* " to those re- 

lose as a result of hazards to life ’^®P^°'^'^ction, and what they 
of a group depends upon its abllitv therein. Perpetuation 

its activities among the areas of ita h^ °nate the distribution of 
llty of the range to the animals is nee-i «-4 so that the net uti- 

positive, or at least non-negative. 



DISCUSSION OF SESSION 11 


123 


S^ard^rtf^;irtirshir"o“tredi:«ibu:foro^^^ 

tural resources among sectors. 

2 The amount o£ home range overlap between groups depends pri- 
marily' on those essential ov«lap 

stricted distribution in spec . •..rtnni#»nts and will be extensive 

tions, 

3. The amount o£ time that thoL'eLen- 

overlapping portions of billty is most restrleted in time, 

tial natural resources whose avails „ill be long 

As a result, simultaneous resources have the most restricted 

wherever the most slowly utilized brief if those re- 
period of availability, and iaUze are continuously avail- 

sources that require the longest to utilize 

able. 

Thus, an essential natural resource is e^"=^^^«/that'^ncreas- 

home range separation, in reduce home range overlap, 

ing Its dispersion in time or spac 

4. Home range size of thrLsential resource 

mited to that area within f soace The animals cannot 

with the most restricted -distribution in^epace.^^^^ 
wander beyond this limit witho j P essential natural re- 

limit on home range size ,ted The animals must cover 

sources that are most sparsely s -anount. Where these two limits 
enough ground to obtain a primary factors that deter- 

are close to each other, they will be tne p 
mine home range size. 

reference 

ifrlcan Field 

1. Altnann, S.A. and Altmann, J-- - ^ Bibllote' -u Prlnatologj^. 

Research, f 

S. Karger, Basci, 

Chicago, 1970. 

BonJcs.* , 

nave in space has taken 
My interest in the study ^ 3 °",. behavior in one of the (nl- 
the form of an examination ^86 n^rro atonyx p;rQgnlondlcu_. 

crotine) rodents, the collared u„iilstudicd population cycle o 
This particular rodent has a very 
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three to five year duration; and my particular interest was to see 
whether I could come to grips with behavioral concomitants of changes 
in population size. 


The manner in which we proceeded was to study the fine structure 
of aggressive behavior in animals that we have kept in captivity [1]. 
This includes the motor -patterns and, much more recently, we have con- 
sidered very closely the roles of vocalization, both audible and ul- 
trasonic, during agonistic encounters among males. 


Our plan was, after having established basic information on the 
motor-patterns of aggressive behavior, to proceed into the field si- 
tuation and attempt to evaluate the relative levels of aggression of 
males one could find in nature. Our site was on Hudson Bay at Chur- 
chill, Manitoba, and we have spent a number of consecutive summers 
attempting to proceed with our grand scheme. 


One of the problems we faced at the outset was that, although 
we could readily trap these animals in the tundra in great numbers, 
we were rarely able to observe them above ground out of their bur- 
rows, so that the Idea of attempting to evaluate inter-male aggres- 
sion in animals with this particular habit seemed to be a lost cause. 


on. a consideration of the home range problem. Could 

cha^acteri8tlcrof\he''spnies7 '’5' at home-ranga 


trap techniques of trap-mark and 

rar';e turnerto'a L^teS^!;' “„^to rn “-fltf-tory. Last sum- 
Size and this particular habitat We ar animals of this 

tern: a radio transmitter, which is nlaced a radio-tracking sys- 

allows us to monitor movements with^a sman” the back of the animal, 
zen transmitters last summed L^we re ® 

of both males and females. For the monitor the movements 

these animals above ground where thev a 

of time. However, their visual aculL ? ® considerable amount 

close as 300 yards and makes a slight good, so if one is as 

perched purveying the area. l™.ediately eoes''<,;ri;to”f bS™"' 

up by this radio-tracking systm?‘*'Jt^ig™I|l™'* 

year’s work, that the animals know the clear, from our first 

they move from one burrow entrance to anoth ^ detail. When 

They do not hesitate at all to run from very rapidly, 

to another burrow and go right down it as if yards away 

empty burrow and their sudden appearance will is an 

an animal that is already there, affront to 


There are some other details that will have 
in future studies; but it is clear that the males 


to be accounted for 
have a miirli irmt-o 
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extensive hoMe-tange (three to five acre=) than the females (one^to 
two acres). This Is not “““ei starvery close to 

live In separate ’'“ttow systems, eriods, whereas males wander 

the burrows during nursing and suckling perloos, wn 
expensively, presumably in search of estrous females. 

n ro he able to do some experimental work on the question 

of te"rPiroP; P? the animals by “cln|;adlo-t^^^^^^^^ 

PPrnfL^tPPPf iCdPced animals and resident individuals. 

REFERENCE 

Menzel: 

I agree with those apaakers, ^cluding^Dr^^McBrxde, jho 
said that concepts such as ’^®tricory over-seriously would 

cally. But my objection to cLcepts in the area of 

extend to most of our current sp , including life space, home 

behavior. None of the terms in “a® personal space, approach- 

range, exploration, fixed action p dominance— ref lect 

withdrawal, social distance, fl ® pnd fast atomic units 

completely Independent a^®”®”'® ’ terms point in a more or less 

of psychological life. At he® activity, or functional relation 

general way to some class oE 0 3 . inductive analysis, 

which we might otherwise the fact that all students 

At their worst some of '^he te™ ecologists, geographers, so- 

of behavioral phenomena, whetn face a common empirical 

ciologists, psychologists, ° %imolv to account for the variance 

problem, perhaps a single pro short, I would go further 

of animal locations-across-time as s further than Skinner [13] 

than any of the speakers, and per beyond that imposed by tech- 

and say that there is no introduce any special response 

nical convenience and verbal habit, to in 
concept or stimulus concept at a 

At least in principle, it orindivlduals within the 

distribution, group locations, ^ . individuals, and changes 

group, locations of body parts w raneously. Some of the 

in all of these locations across ^ed account of various be- 

principal barriers to achieving . n ^rise simply because in or 

havlors and various "levels of ana y --atio-temporal events, we 
der to deal with the continuous first place. The entire 

chop it up into arbitrary chunks — is thus in a sense an 

question of how "behavior" relates j,._eif a locational concept, 
artlflcinl question: for behavior Is Itsel 
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I do not know of any objectively defined response pattern or behavior- 
al unit which IS anything more, operationally, than a statement about 
how one rather arbitrary reference point (which can be a group's cen- 
troid, an individual, a body part, or a test object such as a lever 
in a Skinner box) locates itself or changes its location with respect 
to some other reference point (which can be another individual or 
group, a test object, the subject's own body axis, or the absolute 
coordinates of Newtonian physics) . 


Psychologists in particular have been accused of emulating phy- 
sics and of being spuriously operational; but perhaps the truth is 
that we have not tackled the theoretical aspects of space— time se- 
riously enough, even in this Symposium devoted to space. Perhaps we 
actually can, as Einstein stated the case for physics, make do with 
a single "space-like concept’* alone . What I am therefore attempting 
to do in my own research on chimpanzees and monkeys [8,9] is to de- 
velop a "bona fide field-theoretic" approach to behavior — to borrow 
Hull s [3] phrase — for an objective analysis extended to handle multi- 
dimensional space and multiple reference points or "levels of analy- 
sis simultaneously. This sort of approach differs from the pheno- 
menological field theories of the 1930’s [6,6,5] and from approach- 
avoidance 12,10,3: ch.8, possibly ISf or "distance" accounts [lipp. 

basically incompatible with any of them. The 
dividual an^m 3 te* Chings as Stimuli, responses, or In- 

all selected r f rather the simultaneous configuration of 

or a scored cSftoHrn time (Ig.. a map 

lems of analysinre'’*'thln°*’^e?'^? ’^>'6 unit). The prob- 

ference points are ’ account for where all movable re- 

e=riorieal ?i:idrarjo“c:rtr^r 1 "--1" 

guration will change next iecail how the confi- 

locatlons across tLe musi eventiallvT"^*’’ variance of all 

and we must account for tn i'^ally be partitioned into components, 
with respect trSeh othet reference points 

approach-avoidance analvsis ^ conventional 

a fluid, multilevelled M^relalT^y^L’ 

into components is systematic ^ t and its partitioning 

the coordinates of measurpmo^.- haphazard, b) To transform 

lute" Newtonian ones to moT- initial, arbitrary and "abso- 

thus determine thr;rop„rjrrf”i:"'""’ "“y^^Phyaicel cLs. c) To 

is explicable, and how many indenenLnrf^ variance in the data that 
count for the data. This it rp^ factors are necessary to ac- 

what are the parameters and bounSrlPR ns eventually 

as psychologists might say the nsv >« ecological niche or, 

cognitive map, or behavioral life spac environment, Umwelt, 

In the vocabulary of information th 
in a given behavioral event, as it the total uncertainty 

number of choices we would have to nature, is equal to the 

predict the condition of all our chnea^ completely describe and 
ntiosen reference points, on all 
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summary statements. A oasic j ^ ho ^hAt In their at- 

Temptrtrarrlvl'rt sm..ar; atatements^they usu- 
ally chouse the f^^ulaf that Is! they 

information which do not fit into tneir „.-o„hlal concept of 

deal with an artlfically bounded^apace.^and^a^paroc^^ 

location or movement. intuitive, or common sense ones 

of others concepts they continue to alert us to as- 

retts"of':rents’^hrch our own conceptualisations have missed. 

I would me now to -b - leadln. .uestions^of^Dr 
The main explanatory concepts that stude ^ 

put forth to account for why : aggregation- 

group are bipolar e., movement toward or away from 

dispersion, approach-withdrawal t ’ As you commented, 

a reference point), attraction-repulsion etc. ^^As_^y^ 

by far the greatest emphasis in field P jut please 

clal behavior is on the withdrawal side of the equ 
comment further on the following. 

.. .. ...u, ™.. ...» ““;.r 

well as field information on group cone voluminous and relevant, 

vel, flocking behavior, and detens , stimulus preference would 

Spekes differences in ecological places, food, 

also be relevant; for common goa s , certainly be a highly im 

shelter, places to rest, and - o" «°uld 

portent factor producing apparen ^t ^ because they like 

other words , group members go toge toward or away from the 

each other, but also because they ten 6 ecological 

same things in the "non-social en resuect than social theory 

bases of grouping certainly deserve more respec 

per se has given them. 

2. The second question is Sri^fact bipolar and 

dence do we have that approach an social situations? For one 

Independent of each other, especia y difficulty in establishing 
thing there is considerable exper ® ^ given situation (an 

what objects are controlling a i imply a unitary reference 

statements about approach and Otters are difficult enough 

point, and a known reference discrimination or conditioning 

even in tightly controlled the analytical task is even 

studies, but in studies of S^oup Nissen said, it is log ^ 

more formidable. For another thi^. _gjjjent about approach into 
possible to translate any descriptive 
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a statement about withdrawal, and vice versa [11]. All this amounts 
to IS changing your reference point, or transforming your coordinates 
of measurement. Thus, for example, when one observer talks about how 
a subordinate animal withdraws from a dominant animal, another observer 
could in most cases just as convincingly argue that the subordinate is 
actually approaching a less crowded place, or going to that nearby 
tree, or is suddenly attracted to his mother. I wonder if the terms 
approach" and "withdrawal" actually tell us much more here than that 
certain components and a certain proportion of the variance in the 
subordinate's location are predictable, once we know the location of 
the dominant animal or the tree or the mother. 
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McBride : 


I think my comment that we ’’know" about withdrawal systems is 
based on the fact that I think we know more about W systems. In ap- 
proach systems we certainly know chat imprinting is involved. We do 
not understand, we know that it is. 


The thing that I think that we know least about is: What are 
the processes of developing affiliations, that make groups, that make 
bonds between individuals — closed bonds or open bonds, whatever sorts 
of affiliation that we find. We know that there are processes asso- 
ciated with bringing animals together: They have to close distances, 
they have courtship behaviors, pre-bond courtships, they have beha- 
vior associated with appeasement when coming close together. We know 
also, once they are together, chat there are whole hosts of interac- 
tions in which they can now engage; many are bond-serving, such as 
allofeedlng or allogrooming. But we do not really understand how 
this system works. We have never put this into a systematic social 
context, so we never really sec out systematically to study affilia- 
tions. Yet we have put enormous amounts of effort into a quaint thing 
called aggression, without recognizing that this is also organized. 

So much for that. 


Tor the A-W system I think I said the model is a useful one, but 
it does not imply any simple control, for it ignores the fact that 
there are A-W systems between groups, between the individuals within 
the group, between males and females, between males and young females, 
and young , and so on. This is how the behavior seems to be organized; 
I do not think that we expect to find Che same balance existing in 
each of these systems. 


The point that you make about whether the same factors are in- 
volved in A and W, I do not think we can specify. For example, Dar- 
wln suggested that the sorts of character that males use to repel 
each other were also sexual. (He was talking on the descent ^n 
and selection In relation to sex.) That Is, the sane sorts of charac- 
ters that were attractive to females were used in cOTpetition between 
Dales; in other words, he postuleted some economy Ideas. So l" “is 
sense the same character may have a double function. Whether it has 
exactly the same double function in A-W in the same cas e, ..-rtud 
“Pie. I do not know. I suspect that a lot of the 

Ing which is threatening to neighbors is also locating, telling ther 
“at they are there, keeping them close. This brlnp up the «h"le 
“eory which Fraser Darling first introduced: Is Phere an A as ell 
na a H force between territories when they adjoin, and ore both the 
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result of the same stimuli, or is there a different set of stimuli 
for each? 


Sheppe: 


I think that there are other possibilities for studying the use 
of space. There has been a great emphasis on social behavior in re- 
cent years, and, of course, an overemphasis on territoriality; and 
one thing that has been largely overlooked is the actual relation of 
the individual animal to his physical environment, established by 
means of exploratory behavior. We need to know what types of stimuli 
produce exploration, and what sort of change there is at the edge of 
the home range to cause the animal not to explore farther. There has 
been work with exploration by animals in the laboratory, but not near- 
ly enough with animals in real life. 


“se of space that is totally different 
bv we are accustomed to working with has been developed 

bv animal gcographers*, after being stimulated by work done 

atudv the WaM Dice. They have attempted to 

nathLa^lcal ^odeL! 

irronL«a5 depending on en- 

lt”nCui riabir«e' denaaty. In tL Tenga tribe 

utlllaation of apace.’ ” pattern of breakdown and 

Vandcnbergh • 

nale of '^^he'^ajecierplayrr animals to ua in which the 

button of the anlnals li tS Important role In the dlstrl- 

structure. I think I ought to"rir"!'™'; social 

cussing a species In which i . P”" defense of females by dls- 

tributlon of animals in space ^ important role in the dis- 

We were able to study the 

monkeys when about 200 animals u u ”” social groups in rhesus 
on an Island off the coast of Pt >^ought from India and released 
The females that were released Parguera in 1962. 

animals very promptly, whereas nal ^ ®®®11 groups of two to five 
out the island. These small Erofn^ quite scattered through- 

male (and here is where we have to ^ coales, if dominated by a 
portant), remained as cohesive soclal^^^ that the male role is im- 
additlon of new members. Those band grew in size by the 

adult male dispersed and the individual uot dominated by an 

ua 8 Joined other bands. 

*e.8. P. llaggett. Locational Analv.i, „ 

Press, hew \ork, 1965 (Editor") — ^ human Gen|?rflpbrr^ St. Martin's 
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l„nfher feature of the female influence on dispersal was sh^ 
Another reacure rated that males moved from 

by observations at even tL dominant adult could move 

band to band frequently and that Intervention. As 

from one band to another wi Y chanaes in the social 

a consequence of such movements . -- the island. It appears 

ranh of\hat band relative to other po/tLn 

that it is the basic the band. The doml- 

of the band that shifts f^on a higher-ranking to a louer- 

nant member, even though 

ranking band, does not carry the rank of the 
Marsden: 

• 1 the comment I would like to 

Vandenbergh has nxcely m I believe, was reinforced 

make. McBride Introduced a concept wh , ^ 

by Watson's comments, which may have led in many 
misconception. 

The concept which was introduce^was that rte 
Ing season to non-breeding aaasm ts true for 

Structure. This is certainly ^ » fantastic change in so- 

“rafio; feLrerthrireeding and the non-breeding season. 

However, in the specific e^^ple^of^thertesus^macaque^gr^ps 
which Vandenbergh discussed, y family is the basic social 

contains a female and her offspr eg * ppt change in any 

unit of the rhesus macaque ^ non-breeding seasons, 

fundamental way between the breeding ana n 

In Puerto Rico, where ''e"'*®"'’®'®*) ''“gnd'^yet the groups maintain 
sent, we have distinct breeding season , organization 

thei; intragroup integrity throughout the yea 
is not limited to the breeding season. 

McBride : , 

. chat all animals do 

My only comment is that it have sex castes. I sn 

not have social phases. Many an , comments on the sorts o y 

trying to introduce a number ot g ^^^fvlne. of course, that al^ 
that societies are organized, * S^as^trying to be totally thco- 

societies have all these order into the organization 

retical and deal with a system o ^ would assume that all soc e- 

of societies. I never meant that a y £,gales are not 

tics had social phases. alste for a season, it can be 

different at all. Sex can be a «holc ,he many 

a single role, or just a single Inter levels of 

shoaling fishes, for example. It ^ caste), where I sec the b 

ration (the interaction, the roi species, 

havlors organized; but not in the same y 
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Marsden 

My remark was intended for the audience, not as a direct com- 
ment on McBride’s work, Zuckerman introduced years ago the concept 
that sex is what holds the primate social group together, and this 
is something that recent work has shown to be an erroneous generali- 
ty. 


Lloyd 


During this session attention has been drawn to the wide range 
of factors that operate among various species to influence the uti- 
lization of space by animals. Examples of situations in which terri- 
tory, aggression, flocking, family structure and rank operate to in- 
fluence the distribution of animals in space have been reviewed. 

These factors have been shown to have an effect on population density 
roug their influence on the size and effectiveness of breeding pop- 
of social organization are also involved in 
o spacing of animals. The characteristics of a given ha- 
also play a major role in setting limits on the ability of 
animals to exploit their environment. 

alderable^variflH°" brought an awareness that since there is con- 
enciJf sLc?nt factors influ- 

risky, factors'havino^a zations regarding these factors are extremely 
volved at all in anofh Influence in one species may not be in- 

funrame^ca? instance. U has also been shown that our 

ganizatlon Is still extrem 1 social structure and or- 

nan. Thus, this sLriorh^iV'"'^ including 

tlgators With an awareness of the providing inves- 

spaclng patterns across a wlHc. need for more descriptions of the 
intensive study of the social species, and of the need for 

of a large number of species ^ ^^’’^tures and organizational patterns 



Physiological Effocts of 
Continued Crowding 


David E. Davis 


INTRODUCTION 

During the past decade many ®'“^^®®^ 3 ^''phenomena in mammals 
o£ crowding on behavioral studies have oonsidered short- 

and birds. However, most of Ph®® associated with prolonged crowd- 
term effects and hence the prob review will consider the in- 

ing have rarely been , us to understand the physio- 

formation available that might P also an attempt will be 
logical effects of continued ®’'°”““!:t ^ve for Che whole life of 
made to put these effects into tion available concerns 

the individual. Since most P**® „,,oeDtions , limit the examples 
mammals, this review will, with a mammals to other species, even 
Co mammals. The extension of work on uf the 

birds, is questionable since ®PP® ,jtf£erent in birds [22]. 
physiological phenomena are ent y 

. crowding P 


:actor; something associatea wx*-* nroduce stimuli tnat 

Animals whether crowded together or rather high level of in- 

3ther animals. If these stimuli ®®®®^,^ be obvious and per- 
tensity then the effects on other chemical and in an aqu 

haps severe. In many cases the ^late. For example, water 

tic environment these chemicals can transferred to 

that contained a large number o ta which will show some 

another aquarium containing a sing 
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of the effects of crowding such as inhibition of growth [35]. Sounds, 
of course, cannot be accumulated in such a manner and, therefore, 
cannot be stored. In a terrestrial environment both chemical and 
acoustic signals are used but can only reach a high density at the 
time of high crowding. Thus, the animals react to the immediate 
situation rather than to some past occurrence. The significance of 
this situation for continued crowding is that for an effect to con- 
tinue the signals must continue at a high level. The reduction in 
the effects of crowding can occur if either the numbers of signals 
are decreased or Instead the animals themselves are able to adapt 
to a high number of signals. It will be seen during this present- 
ation that both a reduction of the number of stimuli and an adapt- 
ation to the stimuli occurs in continued crowding. 


The only significant means for the production of signals is 
behavior of one sort or another. When two or more individuals wish 
the same item, their behavior becomes aggressive and one individual 
gets the item. The types of behavior involved in settling disputes 
and reviewed numerous times, perhaps the most 
r'' Important at the 

or deCpnce a types of fighting that are involved in predation 

attackinz a ^ Presumably the predator itself when 

althoueh some nhul itself receives a different set of stimuli 

y 10 ogical and psychological responses may be similar. 

the respolin traggreLlon”L'lma^^° "°5 solved is whether 

It does appear that the a/.*. learned through experience, 

the method of biting or standln^rr'*.'^'^ fighting (for example, 
attacked may be learned during farly 

of the aggressive behavior differew “"V tose, the details 

ample, Levine et al. comoa within one species. For ex- 

one was superior in two strains of mice and found that 

[32] Thus, not only oeasuLmp S®t started than the other 

were needed to describe the Sfferenc *^®sults but of the latency 

The role of isolation In 

sldered. However, this tooir to crowding needs to be con- 

cause isolation is not the normal little attention here be- 

problems that crowding does i ^®ation and does not present the 
separating adults for a matter of ^ v obtained by simply 

together again, they will usuallv these animals are put 

period of time settle down to an rather severely but in a short 

Isolation at weaning or perhaps peaceful rank organization, 

may result in the appearance of verv effective and 

the animals are not put together in lighting especially if 

sexual maturity. In rats, the attained 

three to six months before beinz ®^olts must last for 

ve but in mice a mere three 
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, lA-c, TAQl Isolation produces various changes 

weeks will oraitivity [801. It must not be overlooked that 

such as the amount o£ actlviry i j stress reactions in 

long-term isolation may pro uc produced by crowding [24]. Thus, 

animals at almost the lev rLulted in dermatitis, enlarged 

thirteen weeks there were some changes in the tox- 

adrenals and small thymi. Als , extreme iso- 

iclty o£ certain drugs. As """"f t^nU [49]. From 
latlon or density produces many clear that there must be 

ropuiairoili- “ whicrthe physiological processes can be con- 
sidered at a normal or minimum level. 

■ « ^hA effects of crowding are very great. 

The problems o£ measuring the , through stimuli such 

In the first place crowding acts cLlounded. In 

as sound and smell whose effects m F , measures are available, 

the second place a number of PhyST“ 8 pJ „hlch develop 

some of which last a short per o P^ditlon there may be great 

only after a long period of time. ^ compared the weights 

differences between the pnotyp • . .pprp^ to identical con- 

of adrenals for six strains of individuals in a cage 1511 • 

ditions of crowding of either 10 mouse was identical. 

The cages differed in size so pI^p „£ the adrenal In- 
in some of these domesticated strains studies show 

creased with crowding and in p according to strain of mouse 

that there may be a differential r p j^e significance 

in the level of corticosterone ® that fall to 

of these problems of measurement is that v ^j,p ppppn 

confirm some report or that seem , .p rj,at were selected for 
of the strain of individual or the criteri claiming the exist- 

Qeasureinenti. Great caution mus 
ence of differences. 

rhf> effect of crowding on pop- 
This review will exclude ^^^lation of mammalian popula- 

ulations. Thus, the studies . ?s [14,18]. It is clear that 

tions have been reviewed at various reproduction, growth, an 

there are very great effects on ® , under conditions of capt v 

mortality. These effects occur cycle in which the 

ity but in such natural phenomena densities of mice and then 

levels of corticosterone ate low ic that will be passed 

increase at high densities [!)• such. It is assumed tha 

over is a discussion of social tan animals including j 

everyone now realizes that many ranking which is esta 

brates arrange themselves in some s C4nce under the conditions o 
by some sort of aggressive . val value for aggressiveness, 

social organization there may be su selection will alter 

it seems likely that over a period of time demon- 
genotype of the species. So far ge studies should be t^a c 

strated [AO] although probably selection occurs over 

the hypothesis is rejected. Far ap suggested, 

turies rather than a year or two as 



136 


D E DAVIS 


THE DEVELOPMNT OF STRESS 

The crowding of animals, through the stimuli produced by the 
Individuals, produces physiological reactions that have been lumped 
together under the term stress. This term has been widely used in 
a most sloppy manner so that it has come to mean simply that some- 
thing is going wrong with the individual. However, in its original 
meaning it was meant to imply that some divergence from the normal 
occurs which presumably, through homeostatic mechanisms, will event- 
ually be brought back to the original level. It is very Important 
to note that the effects of several stressors are roughly additive. 
For example, Boulouard reported that the corticosterone in normal 
ra s . mg/100 ml of plasma [7], In animals that were starved 

it was 34.6 mg/100 ml. Rats kept in the cold produced 37.0 mg/100 ml. 

starved and put in the cold produced 46.8 mg/100 ml. The 
^r^ rh reported numerous times and was one of the items 

must the theory of stress. While there 

of homonpc which the adrenal cannot increase the output 

nUe Sarw; important to recog- 

ably additive in thp'^r^ chemical and auditory stimuli are prob- 
effect on other animals in a crowded situation. 

guelltsloinf 

the cortisol In the plesna [2] Increase In 

from anxiety had a <^rea^ noted that patients suffering 

a snail uZeTsV Of JarUcrurref had only 

is the fact that surelcal relevance to our discussion here 

cipation and the actual oa^n through the stimuli of anti- 

in the activity of the adrenals Produce an increase 

upon the circadian rhythm causlL ^ ! activity is superimposed 
Ivity is at a low period or a increase whether the daily act- 

Ot stress Is a strLve • Another common cause 

In animals or a change of location'll example, by captivity 

plete the adrenal reserve over a humans. This stress may de- 

In a condition where the added hirae and thereby result 

adrenal Insufficiency and perhans °£ surgery will result In 
to death [41J. while perhaps the derangement leading 

been most frequently studied than and acoustic stimuli have 

nay be effective [39] . The viewing evidence that visual stimuli 
In an Increase In the heart rates ^ if “"Pieasant film resulted 
In a number of normal subjects. ’ 'eeiuiance and respiration 

Fortunately mammals have dp i 

late the effects of derangements ^ processes to regu- 

produced by stimulation of ACTH from S " corticoids, 

lease of ACTH thereby acting as a ne® »■< Pituitary, depress the re- 
nay prevent excessive physiological feedback. This effect 

overt illness. However, the existence ^J^^ements that might cause 
important in the long-term physiological responses may be 
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in necenc years the astenndrng f 

altering the reaction of an anima found that trivial handling 

extensively studied. For examp > to £tve days had 

o£ the infant for a three-minute to stress when the 

great effects “ taL that had been handled showed in 

animal was an adult L3oJ. glucose level and then 

response to stress ® animals that had not been handled 

a rapid lowering. In contrast, trod of an hour. It seems 

as infants showed little ® ^ ..ally more useful to the indi- 

that the first teaction is physiologicaliy^^^^ compared the effects 
vidual. In another study ® experimental procedures on the 

of housing conditions and some “P"® P,-. Grouped individuals 

response of the rat after a s arp n j^solated. Also, such simple 
showed a much greater response th several drugs pro- 
procedures as weighing, eorticosterone in the plasma, 

duced rather striking increases in attended to the prenatal 

The effects of earlier experience parents resulted 

condition. Certain ®®®®®®®^f^®^“prngeny when they were exposed as 
In changes in the behavior of P ^j^pations to the situation 
adults to varxous stresses, react differently to these con- 

IS the fact that different genotypes recent 

ditions. A further complication is t corticoid are mam- 

evidence to indicate that when 8 hydrocortisone then the 

tained either by the injection o 1331. The separation of 

individuals have a high level of learning i ^ 

the physiological and psychological effects wil 

j that adds complications 

An additional factor ..js from the adrenal follows 

is the fact that the output of functional value since 

a circadian rhythm. The rhythm see dawn thereby tuning up the 

the output of corticoids Increases a patting started for the 

animal for the activity of waking “P circadian rhythm differs 

day's activities. In nocturnal ®P® cortlcoid levels are 

by approximately 12 hours. ’^*'®®® ® physiological phenomena such 
accompanied by many changes m imnortant for our interes 

as the levels of sodium and potassiu . tine of day or 

is that experiments must be d®”® ®^®^P„thBS to allow interpretation 
With conslLratlon to the circadian rhythms, 
or comparison. 

PHYSIOLOGICAL REPERCUSSIONS 

Ites the central brain 
Crowding through a variety °* =®‘°fihlch releases the hormones 
mechanisms to stimulate the hypo these endocrine e ® 

from the anterior pituitary. rUewed (Wl . Bronson has 

has produced extensive results re ^ reproduction, an 

revlLed the topic with [pl It ehould be noted 

short term production of adrenal o ^ pp the adrenals can p 

that ACTH although having its Mjor 
duce some effects directly [13J* 
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The distinction between acute and chronic stimuli is Important 
because the results differ markedly. An acute stimulus (loud noise, 
wounds, fright) produces an immediate chain of reactions resulting 
in prompt release of hormones from the adrenal and other glands and 
then a return to normal without a change in the average level. In 
contrast a chronic stimulus (regular noise, daily conflict, per- 
sistent infection) results in a gradual (one to two weeks) increase 
of release of hormones until a new, higher, level is attained. 


As has been mentioned before most studies last only a few days 
or weeks at the most. However, an important point is that minor 
changes in the conditions may bring about these adrenal changes. 

For example, Barrett and Stockham found that small changes of cage 
conditions resulted in very high levels of corticosterone in the 
plasma and in the adrenal [5]. However, conditioning by handling 
or s mp y weighing the animals reduced the responses to further 
''■IS type of study is that continued 
hecnL ''ettotion in living circumstances can permit a mammal to 
hreostrtir!^ """"Ses really are part of the 

sist Even ft comes into action as various stimuli per- 

affS^ef HenrJ a in mice can be 

under^several Stephens measured systolic pressure of mice 

to a cage was 126 ^“''‘^''ttons 126). The pressure in mice six 

box, the pressure toss ”®re put into a 4-foot square 

maintained at approximately'^ 

anisms were readjusted to a level. Thus, the homeostatic mech- 
of this type have been position. Innumerable studies 

that adjustment results! It changes occur but 

these in detail. ' place here to describe 


ations, toong‘‘thrMnfef£eL?of®' I'-PPttant for our consider- 
the production of antibodleft i- f is an inhibition of 

in antibodies may result in an^ oi^eign protein. This reduction 
mals suffering this change. overt disease among mam- 

but a few recent examples mav literature is extensive [6], 

a kind of monkey with albumin ^ ®1- * immunized 

to noise and light and to suHHr... monkeys were exposed 

a delayed formation of antibodv These individuals had 

exposed to these environmental st^ ‘Contrast to monkeys that were not 
viduals had higher levels of cortisol stressed indi- 
of interferon decreased in mice hh ! ' another study the levels 
to a shuttle box [29] However in stressed by being exposed 

moved also had a decrease under’tW® ^'^^^enals had been re- 

change in levels in adrenal cortirr.-.^ conditions suggesting that a 
difficult problem to surmount m ^ whole story. A 

actually measured antibodies or *^yP® is that the 

substances such as interferon are 
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„0C necessarily Involved in “,f/^,r:;acfrMred’wh:f Li- 

evidence is available to occur in crowding 112). 

.als are -POsed to stresses of he 

A final set of effects that needs 

sensitivity to a variety of dr g l^ense literature, 

cently summarized some of -tudled is amphetamine which dif- 

One of the drugs most frequently ermped in contrast to 

fers greatly in its effect a" these effects act 

mice that are kept singly. PP cases the effects alter the 

through the catecholamines. n such as reserpine may 

metabolism of precursors [52J. c^ress f45l . Tke important 

prevent adaptation to ^^g^sCudies is that the environmental 

point to recognize in all of th differ according to 

situation produces a level of expect that when an animal 

the particular stimuli. Thus we ,,,, Oo change its 

changes to a different situation, then it w 
basic level of environmental stimulation. 

A major effect of high j^°3il3°hlve^Len described 

various reproductive functions. except to point out that 

[9. 12], and need not concern here, regression of 

chronic stress may result j,?r„rbances may add to the dlffi- 

testes and other changes. These ,^he problems of 

cultles of an animal and, in the case 
diagnosis and care. 

n „= little relation to the physlo- 
Age after maturity seems to hav (.Ranges (e.g., reptoduc- 

loglcal repercussions. Ijith advanced age. Thus, 

tion) mimic the changes occurring chronic stress resulting 

senility would be the apparent result 
from crowding. 

A «s-^nrlT3ally studies of short 

The above discussion has '=““^“"' 3 carried out during a short 

term effects or at least studies _ restraint of rats f ve 

period of time. One report though a response occurre a 

weeks causes no adrenal respons , vprv few long-term studies 
five days [42]. As indicated above, ^ ^ ^ork suggests that 

adaptation are available. However eo-erecen^^^^^ ^33j_ 

the long-term effects begin birth showed a reduction 

were handled for 10-20 days =Hortly a ^b^ weaning. Of 

In the adrenal hormones in P female was handled w 

further interest is the fact tha _„Ju-cion even chough the proge y 
she vas pregnant, there was also a nto 

themselves were not handled [3 J* ,.uar if many animals are 
a crowded situation, one can suppo ^ variety of stimuli an 

small area then Che young are they are adults, 

thus become less responsive to stimuli wn 

for an aspect tnac 

This some phenomenon effects of density on popu 

has been important in the study o 
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lations. For many years it has been known that rodents born at 
high density have a low survival as adults even when they were 
maintained at a low density. Furthermore, the young born to such 
parents also had a low survival. The importance for populations 
has been that after a striking reduction in numbers the increase 
was delayed for surprisingly long periods of time. DeLong showed 
that house mice had a remarkably different survival as adults de- 
pending on whether they were born at a time of high density or at 
a time of low density [19], Thus, again the long-term effect is 
quite striking. At least some chronic disease conditions perhaps 

‘“‘renal activity. Christian show- 
M that n renal disease occurs in mice after treatment «ith ACTH 
rZnl r"" nhronic conditions such as 

latlorravl -ay also be Induced by behavioral stlmu- 

duttron of irdne'drsease!"'* """ ‘'"“- 

For many'^spLles^lt'^hL^bi^'^'^ concerns the growth of the Individuals, 
inhibit grLth. and animal^ demonstrated that cortlcolds 

rnta. A^osrihrexSZuor grow at a lesser 

do not get an adeauat.# cnrv i * course, is that such individuals 
fully measured and regulacL^the recently Iinms care- 

Various artificial intake of rats [28], 

surgery slowed the growth indent. T forced choice, and 

Presumably, the oxidative u intake of food and water, 

these circumstances ^ olism must have been increased under 


behavioral adaptations 

nent dlirio^ the enviroa- 

mltigate any unfortunate JeStr"^ “'“■nvioral adaptations to 
of social organization that is o' i developed a system 

ranks behavior. While m “ntritorlal or social 

different, nevertheless, therlrr ? seem very 

basic organization a rertlL"^ “““‘ifmations of the same 

area from uhieh It excludes other defends a particular 

ered as the sole member of a erou • He could be consld- 

several individuals, none of -‘“"‘‘or of a group of 

tact with each other except ill the physlLl con- 

territory In contrast, social rant Phases of establishment of 
duals into a sequence with the domlna^^ aj^rangement of xndivi- 
sumably, the same physiological eff^? individual at the top. Pre- 
as in social ranks species, but so territorial species 

former. Some interest,T,t,^^!!^“® not been per- 

the woodchuck which has a social orua^® ''orlatious occur, such as 
lal pressure when Individuals are abo™* " exerts soc- 

ual, although usually subordinate mav an indivi- 

ing Individuals are asleep i„ the burrL If the top rank- 

his example is only one 
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o£ the multitude of variations within the general toprc. 

The conditions of crowding r ' 

Naturally, there ^11 huddle together in groups 

£re,uent result is that ^ny ,„dividuals in a cage 

or even piles. Indeed, as P P , ^ relatively indivi- 

increases, there presumibly, all of the individuals 

dual behavior to huddling L^^J' r individual recognition 

in a group can identi y other - ^ rhe other 

IS possible. Naturally, there are ^ ^ ^ motions Increases as 

individuals. The variety of sounds, smells 

the number of r that tL number of interactions 

family interaction, we will note t number of individuals, 

IncreLes approximately as the -^/‘nfatLined . Thus, the 

at least after relatively high “““^e rn an increase 

change from 100 to 200 ^ adiustment to crowding con- 

by four in the number of eroupings. It is important 

sists of organization into be a certain number of 

to remember that animals can identi y ^ organization may 

individuals and thus at ^uals cannot learn the character- 

collapse simply because ^ .,„n j.n this crowded situation 

istics of all others. n „£ encountering the same indivi- 

is the possibility that Lhe c naractenstics becomes very low. 
dual enough times to learn his c .-ndividual does not know the 
Under these circumstances again c possibility exists for a 

other individuals in the group. p- nne suggestions from recen 

stable organization of any sort. , , n actually occurred, and 

studies on mice that this extreme condition ^nhib- 

since there is no organization Phere are Increases to astronom- 
itions of breeding and the mouse p p 
ical numbers . 

,.>,^,1- Che top ranking mice had 

A long time ago it was shown Louch, et have 

normal adrenal glands [171 > ® plasma of dominant 

confirmed that the corticosterone subordinate [37]. ^ 

duals is at a lower level than also was lower in the 

this experiment, the weight of adrenals^a^ 

dominant individuals though ^ ® ^ , greatly underestimates 

likely that the weight of the animals of 

differences in the production o T-elationship is illustra e y 

rsnk. An important feature of this 4 _ 8 , 16 , and 32 in cag 

Bailey [31] . He kept mice in E”“P® „as identical £°' 

of varying sizes so that the ^ppp smaller than those 

groups. The adrenals of single groups of 32 were not 

in groups, but the adrenals of mice « between an Isolat 

ent from groups of 2. Thus the «al ^ang^^ 
individual and individuals tha 

. j- .-Vitar a 


The significant 


uais - 

, 1 rank is that an organization 

.spect about social rank 
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is produced that results in stability. However, if the dominant 
individual is replaced by a new Individual then the stability is 
destroyed and a new rank has to be developed [44j. Generally the 
introduced animal has little chance of succeeding, but Christian 
reports that if four or more individuals are introduced then the 
disruption of the social organization may be sufficient so that 
some of the aliens can establish themselves in the ranking [15]. 
Although in mice the location of food and water seem to have little 
effect on the development of rank. In some species (domestic swine), 
the social organization among gilts only develops when the feed- 
ing space is inadequate [43] . Perhaps, however, in this case the 
organization was present but not sufficiently conspicuous to be 
noticed under circumstances of adequate feeder space. Among wild 
species the aggression may change during the year [10, 25]. Gen- 


fii^ally the adult males 


are most aggressive in the springtime. In 


the Moodchuck the aggression declines rather rapidly after breeding 
tv’ the deermouse the aggressiveness is maintained through- 

out the mating season until Fall. The organization of social rank 
»8E«ssion are devices to reduce the 
live toerath ^®®hlt Is Chat groups become compatible and can 

loral a!an«^ ""r' >’i® place. Thus behav- 

ioral adaptation reduces the physiological repercussions. 

through shows that mammals can adapt to crowding 

uref5e«s InotE!^ organization that mitigates the 

Many species use this d ous behavioral adaptation is to emigrate, 
tha^ somr^^eriL mi ht lav! I “'j emphLized 

individuals that move out nf ^ value for emigration. Thus 

have a chance for survival crowded would 

humans this factor was orohaM^ over somewhere else. Among 

turies, but since in past cen- 

thls factor can no longer human beings, 

have now reached the staea uK ^ used. Indeed, the humans 

living in a olosef 

nment that is essentially full tu capacity. 

The above types of >ioK 

that involve the history edaptatlons consist of patterns 

dlvlduals. However, the IndivlH 1“ respect to other in- 

through learning or habituation produce adaptation 

effect of a reward on the resoon and Donhoffer tested the 

line into individual rats FSOl ° Intravenous injection of sa- 
pletion of adrenal ascorbic acid effect was the de- 

had a level of 467mg/100g of AAA ^ ^ reference Individuals 

or warning of the Injection showed that had no pretreatment 

that were injected every day for a n ®Pl®tion to 367 mg. Animals 
habituated and showed only a slleh^ time became somewhat 

Individuals that were rewarded after ®tion to 410 mg. However, 
food showed no depletion whatsoever by a morsel of 

us there may be situations 
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in which reward should be presented at the time o£ a noxious st^- 
ulus. This reward would overcome the effects in terms of physio 
logical repercussions. 

CONSEQUENCES 

The main result of crowding In ‘'the^low-°'' 

of low ranking individuals [15]. Through 

ered resistance and through nhe pop- 

not been able to attain ® ?he organization of 

ulatlon. It must be noted that in most flehtlne so that 

the species into a rank does not require ®3333 the 

dlrec? injuries are relatively Teath! "t iLst 

injuries are sufficiently individuals that are 

to increase the risk of infection [50, J 

not sufficiently low in the “^Banirat adaptation is physio- 

may adapt to the situation. In so ;^a^al of reactions, 

logical resulting in an increased bu .jthoueh not as securely 

Presumably such animals are able to ex ration is a withdrawal 
as the doLnant ones. Another type of adaptation is^ajit 

of the individual so that he does not re low-ranking 

not uncommon in mouse populations to fin evidences of lack 

individuals with small adrenal glands , fg remain in cor- 

of stress. When watched closely these erouo. They may be 

ners and rarely exert '^'’emselves to join th^^g ^.j^P-g^r^grign. 
considered as having withdrawn complete y 


application to man 


The translation of studies of other Ib^c. the methods 

With danger. However, there is no dou ^ about man. Further- 

of study can be used for important isco g^ggest hypotheses 

more, the results of studies of be applied to man is 

to be tested. The first conclusion that ^ i„rcal effects [23]. 
that new and unusual stimuli may pro uce nsvchosomati 


e results ox si.uuj.cc appuea cu uiau 

sted. The first conclusion that effects [23] 

that new and unusual stimuli may pro u f,„jjiented by psychosomatic 
Indeed, this conclusion has been amp y ° prolonged gastric 

studies. For example, Brady reports rgi xhe most common 

disturbances resulting from various examinations where again 

study is the reaction of medical stu en - is increased. The 

and again it has been shown that many apparently normal 

significance for humans is simply that be excessive 

individuals the reaction to stressfu si situation. Crowding 

and that their health may be impaired produces a variety of 

Wth Its increase In the level of 
conditions that alter the physiological 

ill effects of 

Several possible ways exist to “^^Jf^x^organization of animals 
crowding. The information about the s must be fully 

indicates the importance of stability, Disruption of organ z 

aware of their position in an organization. 
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ations will produce very severe effects on persons. Another very 
important consideration is the relationship between the size of 
the group and the complexity of the social organization [11]. Stu- 
dies of various types of human populations show that as the number 
of individuals increases the number of social units increases. This 
division apparently arises from the necessity of maintaining social 
interactions, without increasing the difficulties of communication 
and thereby the stress. 


For mental hospitals reduction of stress should be fostered 
by dividing the group of patients into small units. The recent 
procedure of division into treatment teams ("unitization") certainly 
would improve the care of the patient by developing stability with- 
in the social organization Another suggestion is to use rewards 
in reducing the ill effects of a stressful situation. Thus, a new 
psychiatrist in a hospital should reward each patient by some de- 
vice to reduce the physiological effects of his being a stranger. 

As another example, the change of an individual from one building 
to the next or from one room to the next should be accompanied by 
some Javotable stimulus. Also when a patient Is Introduced to a 
t should be available. The 

Tdeq^tely fs™ animal studiea have not been 
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The Effects of Varying Density 
and Space on Sociality and 
Health in Animals 


K Myers C S Hale R Mykytowycz 
and R L Hughes 


31 represmts data on ti3o experiments (using 

different aonditmy, of wild rabbits were exposed to 

areas of a natur>nl I ^ “living space within the confined 

zz TXt^::%reou - 

1 L^v^ng space varyzng - populaUon density held ccnetant 

KJiii-ts in the maUeaf^m^* detrvnmtal effects were measured in 
accompanied by a decrease int, the fact that this was 

were changes in iZdZ Tr^ There 

Pholcgy Id sonaZtZ ITblUlZr 

smallest space^ rates of ^ ^^produation In the 

ooulation rites 

2 biting space tarymg - mmd,ers cf 

There was great improvement of fho ^ ^ 
in each group as living space mJro of individual ccnimals 

all showed the development of hann-^^i Index organs and endoorines 
when living space was restricted 9 effects in individual rabbits 
decreased and reproductive cannd-,*-,. aggressive behaviour 

ty increased with increasing space 
Ihe effects of changes m hvivm 

embryonic, nestling and younq anwSl measurable at 
areas, the younger classes in the nnn, smallest living 

Pop«Zation were severely stunted 
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Adult vabb'its of both sexes wh^oh had been bom 12 months pvev^- 
Qusly ^nto h^gh den3%ty populatxons were s^gn^f^oantty d^fferent_, 
qualitatively f to those bom m low density situations. 

Suoh animals were sexually and aggressively very active ^ but 
possessed large adrenals and other attributes indicative of ill^ 
health. 

Survival in adults followed the trends set by physiological 
indices. In the young ^ mortality due to social factors was greatest 
where group sise was largest, irrespective of space 

The data are discussed in relation to other findings. We con- 
clude that the "density syndrome" in marrmals ^s a reality It is a 
reaction to a rise in numbers, but in the individual mammal, it is 
not a response to group size per se but to same form of spatial re- 
striction, either in the foimi of space itself or some configuration 
of animals behaving in space. 

The response of the individual mcomal to this stimuluB depends 
upon its genotype, physiological equipment, and previous social 
experience Of the three, we believe that upsets in the physio^ 
logical homeostases during development could rank, over the short 
term, as the most important by altering the biological qualities 
of successive generations 


INTRODUCTION 

There is a growing emphasis in the study of mammal populations 
on those processes which operate in relation to changes in density. 
This work had its roots in early considerations of the causes of 
cycles in arctic mammals [A3I and was established as an important 
field for study and conjecture by the works of Christian [22], 
Calhoun [14] and Chitty [18,19]. With the inclusion of the later 
hut equally significant contribution of Wynne-Edwards [127], this 
group of workers provides one of the most challenging theses of our 
age. In the words of Christian [25], "each population has an upper 
asymptote of growth based on its soclobehavloral structure, which 
will operate even in the presence of a great superfluity of all 
environmental needs " Each of the above-mentioned workers places 
different emphases on the processes involved, but Christian's 
statement epitomizes the main theme which links their work. 

The definition of "crowding" or "density” in relation to mam- 
malian populations is accompanied by conceptual difficulties. 

Several variables are involved - numbers of animals (group size) , 
numbers of animals per unit space (density) , reaction of individuals 
to other individuals in the living area ("social space") , and space 
itself. Many ecologists ignore the last two In the belief that. 
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in nature, space never or rarely limits. On the other hand, it is 
3 ust as common for laboratory workers in many fields to ignore 
living area when they vary cage size to keep floor space per animal 
constant [104,123,116,5]. Differences in treatment means are then 
ascribed to increase in group size since density remains unaltered. 


The inherent difficulty in studying space per se as a variable 
in mammalian populations is reflected in the paucity of published 
data on the subject. The only ones of substance we have been able 
to find are those of Eleftheriou et al. [42], Petrusewlcz [99], 
Petrusewicz et_^. [100,101], and Southwick ]109]. 


Eleftheriou e^ used variable cage size as a physical, en- 
vironmental stimulus when testing the effects of strange male Per- 
pmyscus manlculat u s bairdil on implantation rates. In the largest 
cages, the stud male performed better and strange males had less 
e ect on ocking pregnancies. Since group size was held constant, 
e space-density effect, although not commented on, was obvlous[42] 


'''■= colleagues compared beetles (Trlbollum spp.) 
«“«ent sizes. Both the Insects and 
larger showed a lower mean density in the 

glsfthsr le “hlch they lived. Petrusewlcz was led to sug- 

of the noDulatlnn ^ smaller size, the structural organization 
?ype inhib^ tie oL'If P--obebility of contacts of the 

theret^e greeter ““ Pru^uctivity was 

more Important than dttsu^° l"^i''i'iuals was thus 


keys in a large^ttrir/ itdla'"*’ ^'““P 1^ rhesus mon- 

whlch occurred when new julenu4s “adult agonism 

introduced into the noDulatinT, ’j females and adult males were 

half the space by LrMtTf ^ group was crowded into 

animals catsed a'trr irttSa^irrr 

22.8 acts/hour), but social rh=in« intragroup aggression (11.6 to 
of up to tenfold. Social changerthtrhtd aggression 

aggression than decrease In soace it/ ^ ° greater Impact on 
ideas expressed by Petrusewlcz 1991 ga"aral with the 

above, but shows, in addition th t snd others mentioned 

a function of space itself, * ^ rates of aggression are also 


the rabbit 

The rabbit is a positively greearl„„B 
highly social one [73,84,85,88 I 9 l^gn ® 

populations is the breeding group* a*, uocial unit of rabbit 

three males and one to five Jemei^s wSS! 

area of land in which feeding restlner a ^°Sether, protects an 
and Which fulfills all the re,uireme„ts“f t:rru"?v!°'«itSir the 
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group, one male is always dominant over the other one or two present 
and one female usually dominates her colleagues. 

Group formation is a function of mutual attraction between fe- 
males [85]. The breeding group of females is a compact, social unit. 
The males are attached to the group by attraction to the females. 

The number of rabbits in a group appears to be determined by the 
ability of the animals to recognize, or at least associate with, a 
limited number of other rabbits. 

Territorial behavior is accompanied by aggression. In rabbits 
within the group, there occur acts of aggression between dominant and 
subordinate males, and to a less extent, between females, and a vary- 
ing amount of aggression between members of the group and strangers 
either from neighbouring groups or attached to no group at all. 

Successful reproduction is a fundamental function of group ac- 
tivity. Within the balanced social atmosphere of the group, the 
female rabbit breeds with little hindrance and, while physical con- 
ditions remain favourable, her young appear and grow vigorously in 
a regular succession of litters. 

If living space is held constant and population numbers are per- 
mitted to increase, a sequence of events occurs which significantly 
alters this situation [81] . 

I. There is an increase in the number of breeding groups and 

a significant decrease in the size of group territory. At very high 
population densities, group size increases. 

II. Rates of aggression increase. In males, this is due main- 
ly to an Increase in extra-group encounters. In females, there is 
an increase in fighting between members of the same group. 

ill. Reproduction is depressed, mainly due to interruptions in 
breeding in females (resorptions of embryos, Inhibition of oestrous 
behaviour, upsets in maternal behaviour). Depression in reproductive 
performance commences as soon as density starts to increase. The 
tiain effect occurs when there are between 10 and 50 breeding adults 
per acre. A further increase xn density has less effect, 

iv. A wide variety of physiological changes occurs in both 
adults and young, typified by significant changes in the morphology, 
conation, and lipid content of the adrenal glands and in the weights 
of various organs. 

In this paper, we examine the population response to a variable 
living space, both when density is held constant and when size of 
population remains unchanged. 
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METHODS 


The design of the experiment was as follows: 

1 . Living Space Varying - Nuinbers of Animals Constant. 


Treatment 

Number of 

Population 

Size of 

Density 


Replicates 

Size 

Enclosure 

(Rabbits/Acre) 



S 

9 

(sq. yds.) 


A1 

5 

2 

3 

450 

50 

A2 

5 

2 

3 

225 

100 

A3 

12 

2 


112.5 

200 

li. Living Space Varying - 

Population Density 

Constant. 

Treatment 

Number of 
Replicates 

1 Population 

Size 

Size of 
Enclosure 

Density 
(Rabbits /Acre) 



d 

9 

(sq. yds.) 

B1 

3 

8 

12 

450 

200 

B2 

6 

A 

6 

225 

200 

B3 

12 

2 

3 

112.5 

200 


Treatment 3 is 


common to both 


^alyses. 
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The 31 replicates were comprised of adult rabbits caught in 
natural populations in surrounding fields and a small number of ani- 
mals (28 males, 27 females) bred in enclosures in 1963 [81]. Rabbits 
were weighed and assigned randomly to their replicates, except for 
those bred in enclosures which were distributed evenly among Treat- 
ments Bl, B2 and B3. 

Animals which died during the experiment were immediately re- 
placed by a similar adult drawn from reserve populations held in 
neighbouring enclosures. 


Excess food was present throughout the experiment in the form 
of a spring flush of pasture grasses (principally ryes and clovers) , 
and abundant supplements of oaten grain and green and dry alfalfa 
scattered twice a week throughout each enclosure to give all animals 
equal access. Water was presented ad lib . 

Each population was caught once per month for physical examina- 
A r« behaviour were measured as previously 

each rp^ii ”33 measured on a time-numbers basis, 

numbers periods of observation proportional to the 

60 f i Al, A2 , and A3 CB3) racaivad 

mLauf Eaih B2. 12° minutes and Bl, 240 

“naf iha 1 Tl « least six separata avan- 

«rrUaJon u' »-hPviour maaaurad ware: in malL, acts of 

tions of females, sex^ff ollovii'*^''^ ’ marking, inspac- 

in females, acts of ^ pre-copulatory activities; 

measurements aSd tLef^r^Jr “''“Wances . On the basis of these 
subordinate relationships 

dominant (social statua^n k rabbit was then classified as 

2). -bori„at:-\:r::Lal’aS"?;'’('nJ;f3n'"‘^^ 

sho ^abirr^Le'dlr" categories in males are 

data on fenmles show similar trends. 

140-142°dayn''ar^he peak T "‘"'""'’cr 17-19 , after 

on that date were sacrificed anH season. All adults alive 

Most of those relating to observations made, 

the following tables and need no raise no ambiguity in 

variables, however, need mention. description. Some of the 

The cprstalline eye lens was fixed 
oven at 80“C for 72 hours and weieharf ^ f°rmalin, dried in an 
[41,83]. ® give an estimate of age 

Since the rabbits in each replicato 
able amount of handling and chasing when subjected to a vari- 

was made to measure circulating captured, no attempt 

s. Stress was inferred by 
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.easurxng Morphological changes In the aar-i 

eatrMatea ol 

some variables. 

.Median transverae auction ot c- 

"e ^fludrm and ^rand exaMined for the following inforMa- 
tion: 

.. Areas of the 

and Medulla were Measured y ^ ^ gs under the stimulus of 

The g. fascieulata- reticularis hypertrop 
increased ACTH secretion [26). 

ii. The lipid content in “^yg”p^ 35 ™o£''cells containing 

[index 1-5 for the Z. glomerulos ^. 1 yt Jl^ 5 =cytoplasms 

^rriit^rrirer^tu’wi'th^upid. 

in i;farr:nri:^re%:rto!d^ff^ -- - 

increase in ACTH secretion 136] • 

^ -u- 7 facet rtilata-reticularis, was 

ill. llpofuscln concent of ' -j— -;^j; 5 [^ 12 =lipofuBCin very 
estimated. [Index 1-12: 1-no , ceroid material which in- 

abundant.) Lipofuscin Is an ^^gasing age [36] and reproduc- 

creases in the adrenal , circulating estrogens [8). 

tlon [73] and under stimulus of clrcuiati g 

Iv. Alveolation of each strands arranged 

[73] [Index 1-5 used in Z.g lomerul ^ strands arranged in large 
In thin fascicles 2 cells wide, 5 ^ fasclculata- 

multlcellular alveoli. Index J J he adrenal cortical cells 

reticularis ] Under ACTH admlnistratio ^ In severely stressed 

become compact and arranged n VJhen this occurs, the cor- 

glands, the whole cortex Is reorganireo. hateses, dehydrogena- 

Lx stains strongly for f b“cL"abundant and steroldo- 
ses and other enzymes; mitochondria becom 
genesis occurs. 

u. Abundance of small, ^-fj^^rrindef 
the different adrenal zones was jirst appear in 

absent, 9-cells very and later spread to the outer 

the medulla and inner cortical zones formation 

cortex. The adrenals may become narkcdly stimulated In the 

In any situation when hematopoiesis i 

adult macaal 136]. 

In Che healthy adrenal. ^g^^‘'be^saUsficd^by the process 

mlneralocortlcold secretion appears 
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of nodulation whenever the fasclculata-retlcularls is stimulated 
by ACTH. The accessory adrenals thus foraed are composed predomi- 
nantly of glomerulosal tissue and probably secrete aldosterone pre- 
dominantly. 

Kidney damage occurred, apparently as a glomerulonephritis [27], 
indicated by profuse inflammation and pitting of the kidney surface. 
Scar tissue, in the form of raised, white, fibrous material on the 
surface of the kidneys, was also common. In both cases, for each 
kidney, an index measure of 0-4 (total 0-8) was used to attempt to 
quantify the condition (l=no disease, 4*surface completely covered). 

Kidney fat, which in the rabbit extends from the front of the 
kidney to the pelvic region, was used as an index of condition 
(0-3) (0=no fat present, 3=kidney completely covered with fat, fat 
extending to pelvic region) . 

In males, the testes were sectioned at 10/^ stained with Giemsa, 
follow^ ®ost terminal stage of spermatogenesis noted according to the 


Spermatogonia present 


1. Resting 

2. Moderate mitotic division 

3. Active mitotic division 


Spermatocytes present - 4 . 
Spermatids present - 5 . 
Sperm present - 6. 

7 

8 . 


Few only 

Moderate numbers 
Very large numbers 


In females, in addition 
sence (1) or presence (g) of 
diameters In mm. measured. 


to other reproductive data, the ab- 
corpora albicantia was noted, and their 


Young rabbits were removed 

age, in order to maintain the stn.n^ ®®^^/®P^icate when 30 days of 

ture of the populations unchanged. 

Animals which lived for less -y-i ^ 

the analysis, since regressions of included in 

time indicated that the ueriod of physiological changes on 

treatments was of this order. ^ Justment to the respective 


Mortality is expressed as mean death. 
ment. Survival the period lived bv 

cent time available to live. Mortallt rabbit expressed as per 

simply by assigning a numerical value to^A is analysed 

that low numerals represent ecoloeicallv h ^ animal, such 

socially determined causes of death (1 = and high numerals 

3 = Exposure to Damp and Cold 4 - ■Ri,.a n 2 = Flooded out; 

' "iM Predation, 5 = Starved- 
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Mother 111 or Dead; 6 = Interference by Strange Female; 7 = Failure 
of Early Parental Care; 8 = Deserted by Parent, 9 * Aborted). 

The analyses presented here are confined almost completely to 
treatment effects on the principal variables measured. Since com*- 
prehensive analyses showed that, with minor exceptions, there wer^ 
no significant differences between replicates, we have pooled the 
data and present them as simple one-way and two-way analyses of 
variance in relation to sex and treatment. Insignificant data have 
generally been omitted except where they appear important for expla- 
nation. 

Data derived from this experiment pertaining to the role of the 
scent glands in population behaviour have been published [92]. Other 
analyses, to be presented elsewhere, will deal with data on parasites 
(J.D. Dunsmore) , blood counts (E. Hesterman) , and adrenal dynamics, 
behaviour and health (K. Myers). The analyses were carried out on a 
CDC 3600 computer.* 


RESULTS 

Mortality 

Rabbits which died during the experiment exhibited a syndrome 
which varied little between the sexes (Tables 2 and 3) , irrespective 
of whether death followed severe "social persecution" (by direct 
aggression) or, in the absence of strong aggression, whether death 
followed the development of diarrhoeia, unkempt pelage and chronic 
Inflammation and infection of scratches and wounds ("pathological"). 
Post-mortem examinations revealed mlllary-type necrotic lesions on 
the livers of many rabbits in the latter category, ana* a Pasteu- 
rella sp. was isolated from some. 

There was a tremendous loss in body weight, and significant 
losses in skin, liver weights and fat reserves on the kidney. Kid-- 
ney weight increased slightly due to the development of renal disease 
and scarring of the kidney surface. Spleens increased In weight in 
males, but decreased in females, a difference noted earlier [81]. 

In both sexes, adrenal weight increased significantly, and the 
quantity of lipid in the adrenal cortical zones was markedly lower. 
The areas occupied by each of the adrenal cortical rones in median 
cross-section also showed significant differences, the adrenals of 
living animals possessing lower proportions of zona fasciculata- 


* Ve are indcbtBd to CHheTtt Di-visi-oyi of flathenatiool 

StaticHcSf C.S,I.R.O. j Canberra^ for aseiatmce during 
this work. 
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.P-ticularis and -dulla and a much langer^prnportion^nf^^^ 

plomerulosa . In a solid mo e > ™nrp «5 in the weight of secret- 

would involve extremely large dlffe^ 

ing tissues; and differences varvine rates of corticoid 

ready been shown to be adrenal cortical adenomas 

secretion [9]. Nodulation thrcells of the cortex 

[82]) was suppressed in the orobably signifying a switch 

were clumped into ^^^tinct alv . Cortisol [68] , and the cortex 
in secretion from corticostero with large, dense nuclei 

was invaded by small white blood 
and sparse cytoplasm (probably lymphocytic) . 

It is to be noted that, whlcrdief unLr 

between the fate of dominant rabbits which merely 

Strong aggressive attack, Xable 2). In females this 

exhibited cachexia (columns 2 and 3. Table 

trend is not as marked. 

The data pose several interesting problems, requiring multiple 
regression analysis for their solution. 

The best f!?ir!!^7“ fLciculata- re^- 

(Deg. Fr. - 1/133) are white ^^laris (F ~ 124). _ 

llris (F - 154). lipid Sf reltf i7e adrenaTweight (F - 46), 

weight change (per cent) p » - j^gg pgg , Fr . ** 1 / 188 ), 

and renal disease (F = 33); (f » 82), weighty 

white blood cells in e“ati 7e adrenal ^ight (F = 53), and 

Many other variables also show significant and important re- 
gressions on survival. 

, i • Living Space Varying - Numbers 
Rabbits in ^JJ,“^^^Ti°"p„p;iatlon Constant 

In this experiment. "<= populatlonsrin"hlch the num- 

adult and young rabbits in naintalned in three differ- 

bers of animals were ohvslcal variable was living space, 

ent sizes of enclosure. The social group in four units of 

Treatment A 1 comprised a two units of space and 

space; Treatment A 2, a soc ® ® ^ space (112.5 sq. yds). 

Treatment A3, one group in one u 

The living conditions for^all mirh^'bclxrocTed 

of density and spatial restr 
in nature, even in Treatment 
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1 . Behavior (Table 

the nuMbers of :J"“LtgSt£r“ard!' Z- 

space varied, the behaviora r p ^ threefold increase 

crease in living space £o | In males, there was a barely 

in rates of aggression in both sexes in 

significant increase in sexual behavior. 

It Indices of Conditi on (Table 5). 

ment in health as living sp Treatment A 1' females in that 

rabbits, weight loss was “nSrexp«ment and the kidneys 

treatment actually gained dur g ecarrine The perirenal fat 

showed less surface inflammation and weights, and there 

reserves 'increased, along with “^/P£®tL''pi?ui?ary and 

were significant increases in w gh stimulation and 

thyroid glands in both sexes suggesting^^^^^^^^^^ mentioned earlier 
rates of secretion. The lo numbers of scratches on the skin, 

(Table 4) were reflected in lower 
and fewer body wounds. 

,.4rt«-ipTcantlv lower in Treatment 
Relative mortality rate was rate for those 

A 1, and this was reflected in a higher survi 
animals living longer than 21 days. 

ill. r.h.nves in MorpholpEI _°Llh£.Adrenaj.Gl^^ 

Differences in the data^orthe preceding aection 

under different treatments t° adversely affected the 

by showing that decrease in living P ^ especially In fe- 

health of the animals in ® „a of median cross sections 

males. Total adrenal weights an ,,, larger in females, 

of the right adrenal g’and were s g lipofuscln content 

The lipid content of the cortex w ’ ^ adrenal morphology 

higher! and there were significant changes In a^^^ ^ 

indicative of ill health ifthL of the Z. £lon|rulcsa, 

fasclculata-retl cularls^ and d strands, suppression of 

Increase in clumping nf ‘higher score for white blood cell 

nodule formation, and a slig V 

density). . . 

Pew of these indices show nl^iU-nce in the males, alt oug 
almost all of them follow the same tren 

iv. Reproduction (Table 7)_. 

The increase in reproductive ^'^^^lacSt^in^eaL^i'dagree 
Treatment A 3 was correlated with ° testis size tended to 

of sperm development, despite 

be smaller. 
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between treatments during the 

Total productivity varr litters bom per female 

expertaent. The Within the group) occurred 

breeding unit (allowing ^ birth, however, tended to be 

in Treament A 1. f f TrLtn;nt A 1 also had a 

largest in Treatment A 3. Females palpation during 

higher mean number of ’jon m the rabbit lasts 28-30 

fa;sranrateltrrTercen?age 

re\="trS;enrs: - m:a^^umbe^^ Produced per fe- 
male was unaltered from treatment to treatment. 

Examination by dissection fLalef ta“ll the 

the experiment showed that the “ ^ females in Treatment 

treatments were large, but e larger than those in Treatment 

A 1 were significantly heavier ovulations and functional 

A 3. Furthermore, the numbers o „are much larger 

corpora lutea and the sizes of t P are to be analyzed 

in Treatment A 1 than in included here to emphasize the 

more critically elsewhere, but are in aach treatment, 

differences in endocrine higher reproduction appeared to 

In Treatment 1, the main '’FF^ler t release were unln- 

be loss of eggs. Follicle tt u hand, the numbers of eggs 

hlbited. In Treatment 3, on the resorption increased, 

shed were depressed, and rates ° ^ balance were probably in- 

Dlfferences in the oestrogen-progesterone 

volved . 

,bhlts differed quite dramatically be- 
Mortallty in Che ^^“Laths of kittens which occurred 

tween treatments. Almost a .-al nature (drowning, bird pre a 

in Treatment 1 were of an ecolog v,£j,i,er proportion of deaths 
tion). In Treatment 3, by strange female, failure of 

caused by social factors (d correlated with a significantly 

maternal care, etc.). This was latter treatment, 

lower amount of burrow shelter in the 

v. of condition j uJ^gos^-geStUngs 

and Heaned Toung ( Table 8)_. 

A their mothers was reflected in 
The better health enjoyed y 1 ., the populations. Wus 

the condition of all of the Treatment A 1. corrected 

all embryos taken from Pt^Enant f heavier weights of body 

for regression on age, "i®„“ortloL . 

reserves, organs and larger body propo 

, strikingly apparent in nestlings 
The differences were also guotenance, and in weaned young 

still dependent upon Che femal the surface; although 

shortly after emerging tea were far less significant, 

in the latter group, Che di 
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It is to be noted that the weight of the adrenal f ^ 

.eaned ,onng still -i^J "adrareS^LfsJ^iificant 

riireL“cefrf;orphoLgioal level ^the^proportion^^^ 

occupied by the medulla and in t ® Treatment A 3 differed 

strands, showing er living areas also in respect to 

from their confreres in the larger iiv b 

basic physiologic functionings 

Rabbits in Confined Populations : 

Living Space Varying - Population Density Constant 

In this experiment, we *®^J®“Tn°a°at^/constant , high 

young rabbits in breeding P°P“ “^^^fferent sizes. The two main phys- 
density, in enclosures of c lining space. Thus Treatment 

ical variables were group ^rtn<?tituted four balanced so- 

B 1 was comprised of what would av nits of space, whereas 

cial groups (at lower one^unit of space, 

treatment B 3 represented one balanced g p 

.. all the rabbits were undeniably 

The living conditions for all tn 

harsh, in an ecological sense. 

1, Behaviour (Table 9^ ) 

The rabbits in each replicate f ^^nflnr'inlrratmentll"'' 
as single social groups. The STOups exisUng in^l _ 

(4o’.S- 6$¥) were slightly larger chan norma 

, In each replicate split into 

In Treatment Bl, the rabbit territories In the 

social groups, which marked out and defended 
usual manner [84]. 

In one replicate, there were 2 >rf. 4¥¥) ; 

6??); in the second replicate, two 8 ~ 

and, in the third replicate, three E P groupings, group size 
2/^-3f). In terms of f "f 'rfatmentL 
thus decreased more or less wit 

f core important acts of 

The frequency of significantly with treatment, 

sexual and aggressive behaviour fourfold, increase in sexual 

In males, there was a large, . linited living space in 

behaviour and territorial marking n . barely doubled. In 

Treatment B3. Aggression on the depressed in the large 

females, all forms of measured ^ ^^tmcnt B 1. and dramatically 

rsrg;;t:rcd,'sirt:^rgrtfo^rrx°rcatmont b 3 . 

The highest mean rates of ‘'EE««l’'=_,“^j““j‘‘sp°tially. 
Uverfates'^cru^cd 5hfrf girurcl^ than norm.nl a t >oug 
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still living within restricted areas. 

11. Tndices of Condition (Table 10). 

several indices showed that reduction in J-lng ^P-e.^^despite 

the accompanying reduction in group sise.^was detr^ 3 ,g„,fieant 

aspects of health. Y' Uver’weight. Spleen weight increased 

decreases in kidney fat , typical fashion. Females 

in males and decreased in females, ^ some data there 

were clearly more f Vos?L”iisignl" ! that increase in 

are suggestions, althoug affected males adversely. In Table 

group size in the larger spa increase in scratches on the skin 

10, for example, the data ^^ow an Treatment E 1. Despite 

rhts!’^^: r a°^:f irrLse in - — ;\:LrclimbL^"acro^l 
— ri:rrafe-a!s^ Laller space. 

V* h irrcTv of the Glands (Table 11) . 

ill. Changes m Morphol ogy or trie 

a 1 disclosed much the same situ- 

Examination of Che adrenal 8 organs. Almost all the in- 
ation as evidenced by female rabbits were more adversely 

dices measured suggested that living space than males, 

affected by the imposed limitation ^ Lgher proportion of 

Thus they possessed adrenals. ^ alveolation of 

zona fascicul ata-reticularls_, ® si enif icantly higher index of 

the fasciculate strand ^ere Iccompanied by decreases In 

white blood cell density. These were ^ ^rtion of the adrenal 

the lipid content of the cortex and by the pr p 
occupied by the zona p;lomerulosA» 

in males, some of Che ---/--rafes^irr “rctrarripiL 
decreased space. There were s adrenals. Clumping of the 

and in the numbers of nodules blood cells in the 

fasciculate strands and the density other hand, in 

adrenal also increased in towards an increase in zona 

Treatment E 1, the data ""uw a tendency^^^^^ ^ 

fasclculata-retlcularis and relativ 
in zona glomerulosa . 

OE interest is the sl- 8 "^““"' 3 i"‘'raWlts! ^It has been shown 

zona fasciculata- reticularls. in material is stimulated in the 

that the production of this oestrogen in the blood [ ]• 

mouse adrenal gland by high t 

iv. Reoroduction (Table 1^). 

of the experiment showed 

Data collected during the ^ treatments In terns of pro 

few significant differences ascertained by palpation 

ductlvity. The numbers of pregn » 
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.V.e .0U.-weeUlv 

re o" "-"-rrrrr irrr. b 

Examinations by f dlfStereef ora^'-porraL°' 

the experiment disclosed , although the testes tended 

nature. In the males In giightly larger and sperma- 

to be smaller, the semina treatment, the mammary 

togenesis more advanced. I ^ higher rating for the 

glands and ovaries were 1^'^Bet, bodies were also slgnifi- 

presence of corpora albxcanci numbers of recent ovulations 

Lntly larger On the other rreraller , so were the sites 

and functional corpora lutea present 
of the corpora lutea. 

The data point to expo^ef to"a 

between the treatments. Females in . resulting in low 

low rate of sexual advances ^ blood. In Treat- 

titres of pituitary and 80"adal horaones^in ‘he^bloo^. 

nent B3, the opposite ^J^ggests that inactivation of 

in the latter treatment (Table 10) gg affected and, 

circulating oestrogens by that °Fg® ^ adrenal corticoids, 

together with the heavy secretio occurred feeding back 

severe upsets in hormone balance rupture and directly on 

both on the pituitary to inhib heme of the embryos . 

the corpora lutea to affect the well-being 

hh,t-e to 30 days was significantly 
Survival of the young rab females excavated only 

lower in Treatment B 1. ‘Cmerw;s*Sus''liLted. Under 

1.6 ft. of burrow per /"^/y„„ng „as mainly due to social 

such conditions, mortality of -f nest ot being savaged by 

disturbances, e.g., scratching ou ^ small group size, mor- 

strange females. In ’^’'^^“ent burrows, 

tality occurred under more nat shelter for the young 

In that treatment, there was more burrow shelter 

(mean 6.4 ft. per female). 

V. Indices of Condition m Einbry_gs_^ 

Weaned Young (Table 13), . 

w dult level were much more 
The measurable differences at t ' %:;ned young. In Treatment 
significant in embyros , nestling including the adrenal 

B 3, measurements of all clearly pointed ^o a 

glands, the fat deposits and body P This retardation was stil 

significant retardation in weaned and started life on 

in evidence when the young rab i 
the surface. 
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iir:Lz\TziT^y .eduiia .rraL::^ ’ 

the area occupied f 

in Treatment B 1. The stace oi i- catecholamines, 

born into a atreaaful ^hf retarfatron of 

as «ell as cortical hormones, are ij^^ortant. i ^ 

growth of the adrenal in ^ started to function in an 

suggests that the pituitary had not yet start 
important manner in response to stress. 

o 4 »» nf Rabbits and Their Biology 
Relationships between Origin of tobbits a 

As Adults (Tables lA and 15). 

A sample of 28 males and ” ^ere L- 

1963 in confined populations of differ d distributed 

eluded in Che “Pertmdnis described i 12 months pre- 

evenly among Treatments Bl, B2 “ enclosures in separate, 

ceding the experiment, they were k p g^ved exactly the same 

large, male and female colonies, and all receiv 
management with regard to food, etc. 

t t bnoh density populations were very active 

The males born into high density pp asaressive and sexual 
animals as adults, displaying ^ . . ^relative to body weight) 

activities. They had large adrenal Siands^ (relat i 

and were of relatively high statu . ,,,.i-c4cal reproductive capa- 

spermatogenesis both testified to m body weight, 

bility. however, the low body -^?hts^®d^larga^l_^^^^^^ 
the lack of lipid in the adrenal, and the lower survival 

2. glomerulosa , the lack of adrena group as a whole. Male 

rate all point to a loss of ^ j,e,ilum density population 

rabbits born into what is here ca males) showed similar trends, 

(an unbalanced social group with exc ^ /pf one balanced 

The animals born in the low density ^ , from low to medium 

social group) and those that superior qualities relating 

density natural populations exhibited sup 
to health and survival. 

The differences between the female groups ten 
significant in some respects. Li e adults, although not 

high density populations were very a j;jje males, they main- 

particularly aggressive or _-,y„ livers, mammary glands 

tained good body weights, possesse breeding capability in 

and ovary weights , and showed a - functional corpora lutea 

terms of rates of ovulation, num er mean size of litters, 

on the ovaries, numbers of litters o 
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T-i, male counterparts, however, they possessed heavy and 

^:Se^adtLal glands, -1-^- to body weight and alteratrons_^rn^^^^^ 

adrenal conation (increase Z 

in Z. glomerulosa) the adrenal, suggesting 

sessed a greater amount o£ p males, they also 

higher oestrogen levels in the blood, ^ke the ma 
exhibited a tendency towards a lower survival 

Relationships between Assigned Social Status, Health 
and Survival (Tables 16 and 17) 

better health - including s^alle ^ slightly su- 

dominant companions bettered them only 
perior reproductive capability. 

-Y •«! »fflrus 2 were less marked in the 

The deferences for ^„'“‘“^„«„gnment held (Table 17). 

case of females, where a more in 

discussion 

stress in Adult Mammals 

Although several studies of '’°spec«°of the”'general hy- 

[108,21,94,321 have tended to negate ^^/heen presented to affirm 

pothesls, a large amount of y opulations of many mammals 

that crowding in laboratory and £isi“ P P .t-vsiology [for reviews! 
causes significant changes In behav o 124,38,59,2], The 

30,114,81,1,10,20; for recent papers: 72, , . 

rabbit is no exception. 

F85 86 811 and in the work described in 
In earlier experiments [85,8 , respond 

this paper, adult rabbits of both „„„ured in other species of 
to crowding In ways similar to tho uerght and changes In the 

mammals. There is a large loss in y metabolic function 

weights of index organs vitally concer inflamed, pitted and 

(e.g., spleen and liver). The k disease, clearly similar 

scarred with lesions caused by a y mammals where it has been 

to that measured in mice, deer, an impairment of repro- 

shown to be ACTH induced [27,30]. Ther ^gj-al, with the findings 

ductive condition, in ways which *. 1961. that ACTH at high 

of Varon and Christian [120] and ^j-^-orihic secretions, follicle 
physiological levels suppresses Bonadoc adrenal androgens sup- 

growth, ovulation and luteinization, , , and corpora lutea, 
press the formation of large graa an resorption of embryos, de- 
thus leading to failure of * sets in lactation and ab- 

pression of libido, foetal dysgenesis, p ^gg^es tend to atrophy, 
normal maternal behaviour. In males. 
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The adrenal glands hypertrophy and lose their lipid steroid 
precursors. The zonation of the adrenals alters to favour Increased 
secretion of glycocorticoids and suppression of mineralocorticoids, 
possibly causing natriuresis, and upset Na:K ratios in the body. It 
seems likely that the findings of Aumann [3] and Aumann and Emlen 
[A], where the densities of rodent populations in North America are 
correlated with soil sodium levels, may be related to this phenomenon. 
In stressed rabbits, adrenal nodulation is suppressed thus exacerbat- 
ing problems relating to the Na and K metabolism already posed by pi- 
tuitary secretion of ACTH. The adrenal cortex is Invaded by small, 
undifferentiated, white blood cells and the cortical tissue reorga- 
nized into alveoli separated by prominent sinuses pointing to in- 
creased rates of secretion. Similar structural change is described 
in other stressed mammals - Microtus [29], Cervus [25] and man [111}. 


Other than noting that the pituitary and the thyroid glands 
lost weight in stressed animals, we made no attempt to look at one 
other very important aspect of physiology relating to stress in mam- 
might be called brain activity. Evidence incriminating 
an- ormonal relations at a population level is hard to come by. 

^ several lines of work are converging on the problem, 
system stimulants like amphetamine are found to be 
populations of mice and rats [34,53} but this 
Dooilatloi^ tranquilizers are fed [24], In natural 

ooBulatlon ^tanquilizers are found to stimulate fresh 

of mammala living 1 chemistry Is affected by the numbers 

creases in tats and mice respond with de- 

llnesterase [67 1171 *^ o mesterase and increases in subcortical cho- 
ca^nSHmini! fluctuations in brain 

cesses, ^ understanding of population pro- 


during emotional stress^as alL’’^ system 

studies o£ man. During comnenn'”"'" ‘’'^““’"^'^tated In a number of 
exposure to shame and ImotiLal surgery, 

dally where fear of physical , ef various kinds, espe- 

cal hormone level in the olac; ^ 4 *^ involved, the adrenal corti- 
hydroxycortico-sterolds are excrlt-o^^* increased amounts of 17 - 
passes, the circulating cortlcolds a “*><!" distress 

Is little doubt that emotional substantially [69], There 

adrenal activity. is associated with 

Factors Affecting Young „ar.„si 3 

The effects of stressful factors ir, 
fined to adults. In this study it >, population are not con- 

nestling, and young animal levels tli^ « f embryonic, 
in all stages of development Is utterlv the baby rabbit 

the health of the mother. And the hoai varies with 

health of the mother is not depend- 



DENSITY, SPACE, SOCIALITY, AND HEALTH 

e A Tf ha<? further been shown, that the young rabbit, 

rjLdr/crorei condftion^tarrles Inco a^lthcod the Imprint of 
its early environment in terms of behavioural and physiological ab 
rations. 

The matmiallan foetus is not In nirvana. The “Eternal 
hormones, oestrogens and androgens, cross the ^Scen^r 

fere with foetal development, attacking “tage at ’ 

causing foetal death or impairment of [63 The^stage 

which hormones act is most important. In later sc g 
life the effects may be only transient. 

Adrenal hormones also cross the placental 

the foetal hlood [106 62] , f iLUasaln, or adren- 

the foetal adrenal and pituitary [33,63]. iq davs old cause 

aim injected into rat and rabbit foetuses less 

haemorrhages, necrosis, congenital amputations 

normalitlL. The foetal adrenals are extremely sensitive to 

neous Stress hormones [76]. 

Behavioural and physiological beha^mr of 

rats produces permanent changes in the p^ .JLionallty is posl- 
their offspring [28,119,64]. The offspr ng -.-nalltv both pre- 
tively associated with Che mother's leve o ® ,^^ated in’ the trans- 
and post-natal [97]. Hormones appear to -iniiar changes in the 
fer of behavioral stress to wUreplnephrlne and 

young occur when pregnant females are ^^an the stress of 

hydrocortisone [119,129]. It has been , pjjgster of pregnancy, 

sound, affecting female rats during the increasing their emotion- 
conditions the behavior of Che offspring by increasing 
ality rating on day 25 postpartum [79). 

Maternal diets also disturb embryonic the fact 

phenomenon is well known to breeders of ive oreater and more 

that the earlier in life the shortage occurs, the gre 
persistent is the effect. 

Stimulation of the neonatal mammal literature now tes- 

havior and physiology as an adult. A ^ ^ factors during the 

tifies to the fact that environmental ana s than during any 

post-natal period are more profound in e . rats as nest- 

other period of the animal’s history. in adulthood and 

lings significantly reduces their emot ona -esoonse to stress 
changes the activity of the pituitary-a interest to note that 

[55,71,93,39]. In this connection, it is ° activity and stlmu- 

there is some correlation between adrenocor ^ 73 ]^ Aggresslve- 

lation and inhibition of the centra treatment with estrone, 

^ess in lactating female rats, extlngui -nrtlcosteroids [44]. The 
can be re-established by administration o ^ peripheral blood 

close parallel between the corticosteroid conten 
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and catatonia in schizophrenia is well known [54]. 


Imbalances in the titre of sex hormones in the neonate modifies 
adult physiology and behavior, including rates of aggression [17,46, 
51,11], and there is good evidence that development is also altered 
by abnormal quantities of pituitary and adrenal hormones in the new- 
born young [107,98,60]. Such phenomena may be related to the long- 
lasting effects measured in young mice and rats reared by stressed 
or foster parents [40,97,110] either as a result of impaired lacta- 
tion or abnormalities in maternal behavior. In any case, it is clear 
that adult patterns of neuroendocrine activity regulating ACTH secre- 
tion and some aspects of behavior are formed very early in life, and 
occur during sensitive periods in the development of the organism. 

The proposition [56,129], that hormones directly affect the central 
nervous system during development to produce permanent changes in 
physiology and behavior in later life, still stands as the most likely 
explanation for these phenomena. Recent papers which show that the 
hypothalamus takes up circulating corticosterone differentially [130], 
morphological changes occur in the hypothalamus when stress 
neonatally (98), give promise o£ exciting 
advances to be made In this field during the next decade. 

ant uart^ln^nMal^i” early social environment also play an Import- 
dogs [751 rabbit- ^ of the adult mammal. Thus, deermice [112], 

all isolation, exhibit 

defective care of vo adults, including lower sociability and 

in sheep coats with the mother-neonate bond 

behavior* [59,52] , gteatly affects later social and other 

There must be, of coutco ^ 

Levine and Wetzel [701 havo genetic component in these processes, 
handled during early ll£rL«ntf5“ -«alns of rats 

adults; and Thompson and Ollan ril8l'’'?I!‘ ^ learning as 

[37], and Joffe [61] have Thompson^. [119], De Fries 

female rats display diff er*.ni-iai v J ®^^®Ptlng from stressed pregnant 
response being a function of behavioral responses as adults, the 
that behavioral and physiolopf^"i common knowledge 

species and between strainc to density differs between 

trains of the same species [15,12,115]. 

The embryonic, neonatal and 

thus open to a whole array of young mammal is 

health and behavior as an adult m ^ bear Importantly on its 

those relating to foetal dysgenesis [ these stimuli, especially 
abnoroal maternal behavior and nh of maternal endocrines, 

environment are most likely to occm* ‘disturbances in the neonatal 
shown in this paper that stimuli ^ crowded conditions. We have 
talnly affect the young rabbit crowded populations cer- 
tain qualities of its adult life ®termine in important ways cer- 
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-PV. -(c ac vpf little General awareness that such processes 

developing homen f 50 ] Ld seasonaUty In the 

birtS^o£ thft.'ertrii; deficient lldl. Developmental abnotmaUttea of 
an important kind do occur in man. 

Mechanisms 

Changee In phyalology and beh^or elicited by ttse ln_^n^^bers 
have been shown to occur In many Several variables 

Involved, however, have still t snace and quality of 

need to be considered - especially group “ 

animals concerned (genetics, physiology, behavior). 

, ..i -ohn^i- -IS fixed by evolution to one to three 

Group site In the rabbit is densities, 

males and one to five females. ^ ^ ^ significant response 

indeed, that those limits are “deeded the only s S 
to this that we have been able bo measure has been^s^pp^^ 
sexual and aggressive behavior an phy^^ Whitten's [127] and 

male members of the StonP- Jhls g g of mice, many females 

Bruce's [13] observations that, in large^group^^^^ 

become anoestrous. In males, then important stimulus in 

"omega" animals [6]. Group Is thus^not an , 1,3 

the rabbit other than to suppress go P 

tnale. 

It IS difficult to Obtain b-log^-^rr^e? ^air" ^ 00 ^: 0 “: 
perlmental work pertaining to gr P individuals of either sex with- 
ers thrust together varying num e AT^narentlv the social unit of 

out thought of basic group ^bbubture. females [103]. 

the wild mouse Is one to four “al duplicated In experiments, since 

Except hy chance, this is not “=1 ,ofal numbers as being 

most workers erroneously accept g P 
synonymous . 

u-,^h enace IS important in mammalian 
Deliberations on the way m whi gelj territoriality, 

populations usually involve “eas , ,ter operates as a spacing me- 
and especially the ways in whic tion In all this that the sizes 

chanismper^. There is a tacit ass^P fixed. This is not true 

of home-range and territory t®m“” readily compressible In many spe- 
for birds where size of territory little information on the 

cies [31,95,65,71 and, although t true for mammals. Frank 

subject it does not appear to be sen in Germany [47]. He 

describes plagues of the vole, specif depends decisively on 

states that population increase in calls "condensation potential 

a group of behavior mechanisms w ic 
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- including a reduction in size of home-range and a large increase 
in the numbers of adult females in the breeding group. "Space be- 
comes scarce" and competition among females restricts reproduction, 
causes embryonal resorptions, infertility, and young mortality. 


Barbehenn's (unpublished) data on the house shrew, Suncus murinus 
on Guam presents strikingly complementary information. He indicates 
that size of home range in that species expands and compresses with 
remarkable ease. In large home ranges, pregnancy and lactation rates 
are high, young females are rapidly recruited into breeders, and im- 
mature males are abundant. In small home ranges, the opposite picture 
prevails. 

Territories in rabbit populations are also readily compressible 
1851 and a decrease in size of territory in that species, like the 
vole and shrew above, is followed by changes in behavior and physiol- 
ogy [81,8^,85,90,91], although in large living areas such changes may 
not reach pathological proportions [80,87]. 


The key to reaction to density in rabbits appears to lie not in 
ncrease in numbers per se , but in some qualitative decrease in living 
space. This nay be intrusion by other members of the group into what 
Davis^ L25]^^call8 "individual tolerance limits", or what is called "ego 
space" by other workers. Critical discussions in 
rnin n? [16] and McBride (this Symposium) certainly ac- 

cord with the Ideas suggested by our findings. 

nlficant paper indicate that there is a sig- 

that stimuli living space on biology. They also show 

feet individuals stress of a restricted living area af- 

this varlabllit firently. There is little doubt that some of 
this oosslbilltv origin, and further work exploring 

IJrl ?nves^ed S --tes and health 

Behavior thus looms lirBe'’in behaviorally dominaut 

correlation and regresslL ““lysis «£ causal factors. Initial 

Is not a highly slenlflea e “slyses, however, have shown that there 
health and survival. Some o£°th'^^’'' ”l“l“°"shlp between aggression, 
very sick. The same analyses on “cre also 

nlficant correlations betwen’phvsSot strikingly slE" 

survlval. Such analyses wht J’‘'y“l‘’l'>8lcal attributes, behavior and 
to a principle which ra^’afj^ Zl elsewhere, point 

understanding at a population level sufficient credence and 

logical (experiential) processes 1*'° 8s”“tlc and psycho- 

vldual adult mammal, there is an ^ s'*“PC tbe nature of the indl- 
in developmental homeostases ““Psttant organic component, rooted 


can alt^r the blologlcal'quall^^of^^*^ crowded condltl 

dictating patterns of leHavlorrhealSVnr^^^ie^^ /aLIt^ ^Qu: 
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tative changes of this magnitude may explain cyclic oscillations in 
mammalian populations in nature. In man, they merely add to the 
frightening variability which permits "culture" to flourish at the 
expense of evolutionary reality. 

SU>IMARY 

Adult rabbits of both sexes respond to crowding in ways similar 
to those measured in other mammalian species. There are large losses 
in body weight and in the weights of organs concerned with metabolic 
function, an impairment in reproductive condition, and significant 
changes in adrenal morphology which point to increased rates of secre- 
tion of cortlcoids. 

The effects of stressful factors are also measurable at embryonic, 
nestling and young animal levels. Young rabbits born to stressed 
mothers show severe stunting in all body proportions and organs. Fur- 
thermore, the young rabbit born under crowded conditions tends to be 
behaviorally and physiologically different, when adult, from those rab- 
bits born under more favorable circumstances. 

The effects of crowding are most severe when living space is de- 
creased. Although stress is elicited as a reaction to a rise in popu- 
lation numbers, in the individual it is not a response to group size 
per se, but to some form of spatial restriction either in the form of 
space itself or in the quality of animal behavior in space. 

The data are discussed in relation to other findings, and it is 
concluded that upset homeostases in the physiology of development prob- 
ably play an Important part in preconditioning the adult mainmal and in 
changing the qualities of successive generations of mammals in natural 
populations. 
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Behavior Under Involuntary Confinement 


Henri F Ellenberger 


^ psychologist who is studying behavior of humans under invol- 
con inenent has to deal with manifestations of extraordinary 
fhi. polymorphism. Depending upon the aim of the institution, 

thev system, the kind of inmates, the length of time 

we observe an^ai* ^ ^1^^ Personal idiosyncrasies and many other factors, 
ratfoi:ricarr:trtio„r'‘"“'' psychalog^cL and psycho- 

tain type of'^admlnletraM^ institution with a cer- 

not, for example, describra'’menta/'?'* “ S“aPalize. One could 

type and extend f.* ontal institution of the "snake pit 

still less to all other kinds ""of^^l '’'l!''’' institutions, and 

basic differences between a wonn settings. Not only arc there 

prisoner of war caop, but for ® hospital, a jail, a 

are wide differences deoendtrr " institutions there 

Is tyrannical, paternalistic ^ 0 ^ 1 ^!!'^'’'^ “dnlnistrative system 
the mental hospital, Sullivan Let us take the example of 

organized to make the dlsea«!a "diabolically 

Esquirol proclaimed that "an other hand, 

of healing in the hands of a skii??. , Insane is an instrument 

ful instrument we possess for n, ^ Physician, it is the most power- 
p.3981. Both Sullivan and Esqultol’^™!"''''^,”^ mental patients" [13, 
tals, but apparently they were nor r >,7 , fu mental hospl- 

not thinking of the same ones! 

In spite of these Intricacies „» „r,, 
non denominator In the behavioral r*. < bring out the corn- 

closed settings, then sketch a connari« "v observed In 

institutions, and point out the baslr between the main types of 
treatment of the problem. approaches toward a scientific 
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BEHAVIOR UNDER INVOLUNTARY CONFINEMENT 


GENERAL FEATURES 


Our first concern will be to define the general features which 
are tL common denominator of the totality of 

^rtfat regard we note the existence of three essential features. 


1 The first and most conspicuous fact Is the exrstence of a 
barrle; which separates a closed milieu from the outside world. 


.. secondly. barrio is^ futfidrS°“knut 

rt'irs^fnmore^Sfflcflt to pass through from wrthln to wrthout. 


3 As a third characteristic, people who are rnside are com 
pelled to remain there, whether for a limited or un i e 


It IS easy to deduce from these general features^that three cate- 
gories of behavioral reactions are to be expe 
be met. 


1. Firstly, the crossing over from the -tside^world^to Jhe^in- 

side, closed milieu, is ^"^^iivldual from his former life 

determined by the separation th traumatic, but this is 

setting. These reactions may at times be ^«y^tra^^^^ ^ 

by no means always so. coLitment, whereas another 

rating psychic trauma on ^csount ^ beneficial experience; 

one will experience the t°™“men b patient 

much depends on the tVPe °f tlln ^^ether he understood what was 

was brought to the mental hospit 
happening to him. 


fhf* individual in the closed setting 
2. Secondly, the sojourn o namely adjustment to 

entails problems of adjustment t ^ life, the administra- 

the confinement situation itse » company of the other in- 

tive system, the personnel, and reached, but this does not 

mates. A good adjustment may " nnsarily beneficial in the 

mean that a good adjustment is a y often happens that a pa- 

long run. Thus in mental hospitals i .V„oted" in tne institution 

tient who recovers from his outside world. A similar 

and increasingly unable to readju There is a type of "model pris- 

phenomenon can be observed in ’ after his liberation. On the 

oner" who is likely to relapse ^ number of inmates will de- 

other hand, in many closed insti u reactions that can be ranged 

velop a variety of psycho-patho , deterioration reactions, 

into neurotic, psychotic, ^ disturbances can be corre- 

One central problem is to what ex administrative system, the per- 

lated to the type of _-„gies or whether a part of these 

sonality of inmates, their idiosy gr-al* reactions to confinement, 

reactions could be interpreted as gen occur in any type of 

in other words as reactions chat ar 
closed setting. 
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3. Thirdly, whenever the Inmate leaves the closed setting and 
goes back into the outside world, new behavioral reactions nay be 
elicited. These reactions may be connected with the lasting effect 
of the experiences the individual underwent within the closed milieu, 
or with the difficulty of readjusting to the outside world, or with 
both. Here too, it is often a matter of psychopathological reactions, 
but in other cases the sojourn in the closed nilieu is felt as having 
been beneficial. 


We now have to examine whether the great variety of behavioral 
reactions can be correlated with a few basic variables : the aim of 
the institution, the kind of inmates, the administrative system, the 
length of time spent in the institution. 

The aim or pri nciple of the institution is expressed in the 
following classification of the main types of institutions: 


INSTITUTION 

Monastery 

Hospital 

Homes 

P.OtW. Camps 
Prisons 

Extermination camps 


AIM OR PRINCIPLE 

Collective sublimation 

Treatment of patients 

Care of children, aged people, etc. 

Segregate potential enemies 

Punishment of criminals and delinquents 

Inflict suffering and death to enemies 


vers the pr^edlironr ^Glvcn^th type of inmates largely co- 

vlll expect to flL a relleloo. institution, one 

tally sick oat^f.o^= ^ Slous and moral elite in monasteries, men- 
iSVelect^on 0 ? hospitals, criminals in prisons, etc., 

the difference In the bSla^iorS^J largely responsible for 

institution. However thinoo ^ reactions according to the type of 
nocents are thrown into at tiroes be more complex. When in- 

teries, one can exnect th ^ criminals hide themselves in monas- 

exactly the same as tharof of the place will not be 

Nehru tells how he and a crotm typical monastery, 

of university within the nrlsn Political prisoners organized a kind 
dinary is the story of Helnzp*.” taught each other. More extraor- 
companlons founded a rellciou.!°o^. 4 ^°” Helntschel who, with two other 
in the prison where they had vu gained several adherents 

versely, newspapers related so^e^tlm^'^ the Gestapo [33]. Con- 
ostery in Southern Italy which haa f strange story of a mon- 

Mafia. No doubt, the behavior of under the control of the 

schel's prisons, and the behavior I™>stes in Nehru's and von Helnt- 
largely deviated from the ordlnj«-» ” la-controlled monastery 

ty* average prisons and monasteries. 

Our third variable is the adain<«^ 
hospital it makes all the illLl.TT..^ T. C!! ''•'ntrm In a mental 
cimcd In a despotic end tyronnical wav "hether it Is gov- 

nevolent one. In the first case we eel if, , ® paternalistic and be- 

likely to find an institution . 
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rr:;„5^™: = ™ 

pathic behavior. 

:af fEfere” 

to be tn prison). Whatever the spent there. In that 

reactions vary according to .„^s_ yhe immediate reaction to 

regard we must distinguish P vary extremely from one indi- 

the entry Into the closed setting pgj,pp5_ It may be experi- 

vldual to the other, depending , j ,nth all possible forms of 

enced as very traumatic or ve^ '’“^^i^ltik^eriod of confinement, 
transition. The same is true for exceptional that some peo- 

that.ls the first days or weeks. « e^journ in a jail or a 

pie experience a favorable ef to this point) , but if 

prisoner of war camp <we will " . reversal will take place and 

the Individual is not soon discharge , sojourn is prolong- 

psyohopathologlcal “‘So-e'^of adjustment or non-adjustment, 

ed, the mam problems will b not. Some people will not ad- 

and whether adjustment is desira j ,,_t. «hen they should not. Non- 
just when they should, "^“oi^oeeLpment of chronic reactions, 

adjustment is likely to furt classified in four groups 

which, as already mentioned, my j^t-crioration reactions, A further 
rotic, psychotic, psychopathic, an .nmate is facing his discharge 

variety of reaction may occur wne -fterwards, here too, reactions 
from the institution, or immediately finally, there may occur 

differ widely from one case anotne ^nsti- 

more or less lasting sequels, other factors, 

tution, the length of the sojo , t be 

So far we have “^coSidered, among these the rela- 

added that other factors should outside world, the stereo- 

tionships which the inmates eep about the institution, the 

typed opinion held in the outs personnel, the degree o 

rurn^b^ rn^=i" - - -- 

At this point, we may rtSing-pSlnnrnumerous 

tails a number of variables 
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possible reactions. The nature and Intensity of these reactions will 
vary according to the aim of the institution, the personality of the 
inmates, the administrative system, the length of time spent there, 
and other factors. We must determine to what extent each one of these 
variables is likely to further the production of specific behavioral 
reactions, and we must describe the behavioral reactions which are 
characteristic for each of the major types of closed Institutions, 

CHARACTERISTIC BEHAVIORAL REACTIONS IN THE 
MAJOR TYPES OF CLOSED INSTITUTIONS 


Monasteries. We begin with monasteries and convents, a type of 
institution whose aim could be defined as the search for collective 
sublimation, often associated with some kind of philanthropic activity 
t etc.). In the 5th century A.D. monasteries of 

rosiq^ralTe^^ ^ ^ widespread epidemic of a peculiar neu- 

V, A V.. • Aced^ was a consuming boredom associated 

for ^ ^ religious vocation and horror loci (repulsion 

a reform bv^St ’senedi brought to an end largely through 

asteries introduced systematic work into the mon- 

teria in'certai erent were the manifestations of collective hys- 
the epJdeSrord.vn''^'" "" Ages and later, for instance 

1634 [221 Todav possession among the Ursuline nuns in Loudun in 

are sl=„ dapreaslcn, 

vents and monasteries ‘is that of 

on a good adlustment ^ adjustment: mental balance depends 

ence a vocation!"'"' adjus^ent depends on the exist- 

were much dreaded places 
Remy de Gonmont denlcted”^^''''^!'^'’''’ Pi'S writer 

for the sick, a laboratorv Paris hospital as "a prison 

for the poor" [8, p. 299-3021 u ^ P^Ya^oian, and a place of dying 
stand on a higher scientific* ® that present-day hospitals 

sons who have spent a lone tim" "'“"ane level. However, certain per- 
places where a human beine Bcrnn. ” ^ajja^al hospitals describe them as 
an "interesting case", where th % number", a "bed", a "diagnosis", 
privileges, his family mto are turned into 

comes increasingly remote [441 aii* where the outside world be- 

posed to a gradual depersonalizatl ^ means that patients are ex- 

reactions in hospitals are often depressive and neurotic 

tion on one's symptoms (whether with a morbid concentra- 

Another phenomenon is that of the hypochondriacal ones), 

hospital his home and utilizes ev recovers but makes the 

stay there. This has been means to prolong his 

[181. the "nesting prLess" 


Tuberculosi s Sanatoriiim, a „,„,h 

Mountain Disease" was observed In neurosis called the "Magic 

nin sanatoriums with a cosmopoli- 
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r. 

tween amorous ^ as it were, by the thought of death and 

Ire'ieferajrofTiew wokd and became Increasingly estranged to 
life in the outside world. 

Tf ic, «ell known that in Medieval Europe 
Leprosy Institution^. ^ dreaded disease; lepers 

leprosy was an exceeding y ?^f„_iong segregation in special closed 
were subjected to a rigorou • uo,,or around such institutions was 

institutions. The halo of my letters he wrote after 

well described by Robert Louis Steven Molokai, near Hawaii 

visiting the leprosy settlemen on ^ dominant feeling in 

[1, P.82-S51. According to °rbelng rejected by his fam- 

these places is Che patients co feeling is made worse 

lly as well as by human society at la s leprosy in the patient 

sonetinies mystic effusions [5J« 

Mental Hospital . The noUon bh t a^P-Tent' s^stay^in^a me^tal^ 

hospital could create a Pf,y'=*'°P^*. by iron chains, exclaimed: 

himself, speaking of the i"aana ° ^^rlng agitation from the s^ptoms 
"... how can one distinguish th . graced the rightness of this 
of the illness proper? , and he from their chains quieted 

view when the patients who «are physicians were reluctant 

down [29, p.63]. Pot a long <.oiid le exerted by Che mental 

to accept the idea that noxious ro distinguish these 

hospital upon the patients, and it „„ntal illness proper. In 

noxious effects from the symptoms studies have been devoted to 

the last few decades, a great "aiiraclon . in French, aUems^ 

what is called in English, i neeative Ta ctors of the mental 

tion. (i.e., the total effect of bhe^neg^^^^^ ourselves with enumerat- 

hospital upon the patients). reactions. 

Ing briefly the main types of these re 

rn certain psychotic patients this 
1. The traum ^' of commitment. been accomplished 

can be extraordinarily severe, ®®P ^^ber, for instance, the case o 
in a brutal or unethical way. 1 t bysiclan under the pretext of 

a schizophrenic who was taken ® aa intravenous injection o 

having a blood test which in bedT«T awakening, in a nad- 

a powerful sedative, and found himselt. patient remained 

house", far fmm his home. ®ev y^ called it); he 

under the shock of his kldnapp S j^f^h dominated the morbi con 
a system of delusions of bances which had preceded his 

tion much more than the menta 

coaaltmcnt. — 

aa" has been carefully studied in Prance 
2. The "nestling process , 
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by Daumezon, who called it the enraoinement (taking roots) in the 
asylum of a patient who has recovered [7J. Whatever the initial diag- 
nosis, it is the story of a passive Individual, lacking in drive and 
ambition, unenergetic, without a sound social Integration, He may be 
a bachelor or a widower without definite occupation, with a precarious 
economic status. As soon as the eventuality of a discharge is men- 
tioned, a relapse occurs. Such patients can succeed in spending their 
whole life in a mental hospital. 


, , name of morbid mental persist ence (persietance rren- 

tale moThzde) French authors described the condition of patients who 
mi admitted to the mental hospital, with, say, a depression or a hy- 
tion, and who, although the condition receded, maintained 
nroD^ [2^1 s^®«ed during the acute phase of the Illness 

or?heir mm'" terminology, these patients adopt the "role" 

by the attitude nf Sometimes the "role” is enforced upon them 

dents or visitors. ^ clinical demonstrations before stu- 


neurosis" (that^had^been^d^^^^t?'*i pointed out that the "barbed wire 
quent in certain prisoners of war) was fre- 

patients and even among cLtaln^mrb hospitals among chronic 

ong certain members of the staff [24]. 

gravatlon~t aireLy^exlstinff°n«^\*"«"’®"^^^ hospitals mostly as ag- 
made a special study of tha®* Psychotic conditions. Baruk in France 
ferent mechanisms. The firet which he relates to two dif- 

(that 18 a specific reaetir.« calls ’’reactions de presence" t 

tain individual). A ^he presence of a cer- 

of anxiety or agitation wh^n for instance, will have a fit 

patient, even a^ertaln attendant, a certain fellow- 

as Baruk shows, the reactinn a comes into his presence. Sometimes, 

registration of cardiac and ^ invisible", revealed only through 

Ing to Baruk, the mental eonditlon^^r’' P-159-1601 . Accord- 

be improved when taking theqf» -r certain psychotic patients can 

portant are the effects of account. Even more im- 

chotic patients. Baruk contend.? social injustice upon psy- 

cinations of chronic ward natiPn»-o P^rt of the delusions and hallu- 
0 the weaker patients by the s^■rr. result of the oppression 

the staff [3]. Baruk clkims favoritism shown by 

of delusions and hallucinations aftP a noticeable reduction 

r such conditions had been removed. 

Antl-soclal 

wards containing a number of certain mental hospital 

from that occurring in a prison Wh ® a form not very different 
reaches a certain level, serious disS.K Percentage of psychopaths 
As emphasized by Baruk, the disturh»p^“ "'ey take place, 

chopaths is likely to produce a worseni^ >^0“ght forth by these psy- 
chronic psychotxcs [3]. rsening of the mental condition of 
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7 The most typical form of "institutionalization" is a gradual 

riLrpe^afreie^rgre^nfivrlh^apy; including occupational therapy, 
is applied. 

e rpaction may occur when the patient 

8. Another type of spec^xc /recovery. "Rooted" or 

is on the point of being exposed to these reactions, 

"nestling" patients are of cour gfteLards. French authors de- 

elther just before discharge /i.^izzlness of discharge") and 

scribed the "vertige de la sortie ( dizziness 
several other varieties of such reacti 

9. Finally, we should ”®"^^“\ggpit^f“rmanlf esrcegaln char- 
long period of illness in a men P ^ secret the fact 

acteristic attitudes, for instance, y develop a kind of pho- 

that they have ever been committed and they may develop 

bia against people learning about t. 

in all these reactions one should consider^the Pf 

predispositions, of the of the medical and nursing staff, 

family, and, above all, the att 

Hospitals 

the 1890' s by a school of ^ it "hospitalism". Freund s def- 

Freund, Czerny, and others, wj)® , of noxious influences of 

inition of hospitalism was: The upalthy and sick infants in hos- 

all kinds produced by the lost weight, faded away and 

pitals" [17, p.333-3681. Those f conditions , and these 
died in spite of the best dietetic emotional stimula 

pediatricians ascribed it to the predisposition might also play 

tion and lack of exerc^'se. ,^^eiv/tL attention they de- 

a role. These investigations did no ..g^overed and reformulated 

served, but today hospitalism has ® success [35, p. 53-74]. 
in psychoanalytic terminology with great sue 

nf homes for children and 
Numerous studies have Qgfjjfarb [20], Stern [37], and 

orphanages. Such are the been described: inferiority, 

many ctLrs. A variety “■'‘’^'^nresSonH emotional regression, in- 
frustration and guilt complexes, the psychic functions, mal 

tellectual retardation, Institution, and so on. The sa- 

adjustment to life after leaving , institution is likely to Pro- 
liant fact is that life within a igctual, and sometimes phys- 

duce perturbations in the emotional, inteii 
leal development of a child. 

Homes for aged persons,. 


Vittiger. Jaffa and Vogt-a team con- 
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sisting of a psychiatrist, a psychologist and a sociologist — studied 
a home of excellent reputation in Basel, Switzerland. These authors 
emphasized the high percentage of maladaptatlon among the inmates, the 
difficulty of taking root in the new setting and tolerating the pres- 
ence of the others. The role of the indlviduals's personality and 
life history appeared to be the decisive point [45]. 


Camps for prisoners of war . A Swiss physician, Adolf Vlscher, 
who visited camps of French, English and German prisoners of war dur- 
ing World War 1, gave a classic description of what he called the 
barbed wire disease" [46] . The main symptoms of this neurosis are 
the impoverishment and flattening of emotional life, the loss of ener- 
gy and initiative, a difficulty in concentrating, and irritability. 

ascribed this neurosis to three factors that must coincide: 
internment, unknown duration and enforced group living. 

to the nsvrhonn^h^i which have been devoted, after Vlscher, 

Urchs who snpnt' ° camps and prisoners of war is one by Oswald 

lective reactioncs"^ n 1^3] . Urchs distinguishes between "col- 

^o^rcoUec iv^rl^.f reactions" and "individual reactions", 
moods, fashions slan 2 ^°n^h concern the long-lasting adoption of 

sist of the formation of hunger strike). Group reactions con- 

One of these groups was that by a common purpose, 

the tolerant eyes of servants. Under 

nized an autonomous administraMo ® volunteers orga- 

these volunteers worked for 10 ^ hierarchic system; 

in exchange for insignificant ‘^ay, seven days a week 

their functions. This lead ^ntages, just for the enjoyment of 

of inmates in hosnital«i nn wonder whether the "self-government" 

ly a "group" phenLenon, in exists, is not baslcal- 

tious clique. The individual t 4 ^*^* manifestation of an ambi- 
sonalities and idiosyncrasies multiform as the per- 

par very frequently. HomosexuaH.-^ inmates. Neurotic reactions ap- 
be rather infrequent, m sham ^ sexual perversions seem to 
tutions. Like most authors of conditions in penal Insti- 

difficulties of readjustine to n 1L ® Judies, Urchs emphasizes the 
military prisoners' camp. ® noraal life after liberation from a 

, Prisons and pemte nt-f __ . 

described by ^raepelin [ZSTTTMfCi reactions have been 

after them. Much in this psychon^b i ^ Nitsche [27] and many others 
the imprisonment. Obviously the depends upon the purpose of 

jailed man awaiting his trial same for the 

his execution, or the convict*who death and awaiting 

case, the reaction will differ not o i time". In the last 

the very beginning, whether the indrv^.i^ passes, but also from 

short term, for two years, five veai-e be in prison for a 

• ten years or for life. Further- 
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„rp one has to take into account the type of penitentiary system, 

X haXess of discipline, the individual predispositions and an 
infinity of other factors. 

Among the immediate reactions to ’ "“^^H^erLin 

ealled normal: anxiety. XXthLrelves 

amount of mental confusion. contents of their cell, 

upon the walls, knock the show a pLadoxical re- 

actiXorallXXirXiL Lrm of relief from their previous ten- 
sions and guilt feelings. 

Psychotic reactions ^Xporr "t^ renra/^n-- 

One IS the Raecke s yndrome, a k hotter known, is the Gan- 

fusion and a few ^ j^goP^^entation, amnesia; the in- 

ser syndrome ; clouded consciousn , any question, he will 

dividual wonders where he ts “ ^^ny fingers on his 

give absurd answers: two and horse- three, and so on). Gan- 

two hands: eleven; nhis condition had nothing to do with 

ser was the first to show that this . ' ^ meal confusion. It re- 
stmulation, but was a specific 
cedes spontaneously within a ay 

What Ktaepelin called "Prisoners' Ineanity^ rGs/d^a^-;™ 
is a more severe psychotic "“his trionlLlS . claims to 

after imprisonment: the patient e individuals who intrude into 

hear voices which insult "im. sees masked rndivi 

his cell during the night. Then he tells incone^^^^^ illness, of be- 
against him. of being afflicted w . These delusional ideas 
Ing elected by God for some great “je • aggravate this condi- 
change from one day to the other. usually disappears spun- 

tion, a humane contact brings re le 
taneously within a few months. 

a few years of incarceration, 
Among psychoses that start j^iusion of persecution, whose 

the most frequent is a systematiz some other unpleasant event, 

beginning often follows a Inus irascible, rebellious; his 

The individual becomes gloomy, ^o^Pi ’lains of being insulted or 

physical condition becomes worse. _o4gon in his food, that he is 
threatened by voices, that there s p attendants or other people, 
visited in his cell during the "^^ht y ^ the warden, the at- 

The delusions of persecution Inmates. Disciplinary measures 

tendants, the other employees an mental hospital brings a 

make this condition worse; trans ® This condition should not 

marked improvement or its -g whose whole activity is ab- 

be confused with that cf those prisoner 
sorbed by a systematic pursuit 

other types of prison P=T‘=^f “iXp^dcnedt'^'Theiktter seems 
delusions of being innocent o 
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to be frequent among prisoners condemned to a life sentence! after 
many years in jail, they suddenly proclaim that they have been par- 
doned; they describe how the warden or the judge came and announced 
the good news to them; they complain of being kept illegally in pris- 


^ Neurotic reactions are frequent, either in the guise of the 

disease" of prisoners of war, or under another form such 
as t e ight into daydreams, A slow and continuous process of emo- 
tional and intellectual deterioration also takes place in the prison- 
er. ertain po itical prisoners, who were sentenced to long term im- 
prisonment, give evidence of this. They started their prison life 
P^^-^uctive philosophical or literary activity, but as years 
tivitv ^T>^ found themselves unable to sustain that ac- 

one's activi^v^inH of emotional life, the breaking of 

in the ler^ere F iving energy have been described in pathetic terns 
in the letters of prisoners like the German writer Ernst Toller [41], 

the antisocial^hphnv^^^'^i prison and penitentiary setting are 

about the so-called "prison^cod'"^”?^* written 

most perverted the mSri.ai ^ Sovernment of prisoners by the 

mosexSality tia ^e do notTeIS^''"" f of ho- 

c we do not need to enlarge upon the matter. 

thology of thrprLoLrs^of^uarea^ difference between the psychopa- 
According to practicallv all ^ and that of the ordinary prisons, 

military prisoners; homLexualitv“2^5* psychoses rarely occur among 
either. This stands m oK«,. ^ ^ other deviations are not frequent 

reactions and the prevalence^of°k^’^^®^ frequency of psychotic 

in prisons, not to sneak of omosexuality and antisocial behavior 
riots are the best known The reactions, of which prison 

stitutions seems to be thp ma-t of the inmates of both in- 
ferences, ^ actor explaining these striking dlf~ 

one feature m common, military prisoners' camps have 
cal reactions at the moment of nu ^“*P°^^soce of the psychopathologl- 
mier goes so far as to assert rh regard to prisons, Cor- 

prisoner, as great a psvchle ^lischarge from prisons is, for the 

y trauma as had been his admission [6]. 

We have not as yet mention H 

confinement in prison. One is ^^yploaX psychic reactions to 

of certain prisoners who come to rooting and nestling 

emphasized the danger of the "eLh Prison their home. De Greeff 

whose behavior is faultless. wL gives no trouble, 

and who is likely to relapse soon considered by the personnel, 

irer his liberation [9, p.296]. 
Finally, it should be mentioned f-h 

always and necessarily harmful. A sho ^ sojourn in prison is not 

r term imprisonment may prove 
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straced in France by Sivadon [34] . 

A further approach la represented by comparative studies. Some 

in closed institutions . A further step 

actions of animals --““^“Sinal gardens settings, 
in these studies is the organize . notably those of tern- 

utilizing concepts frm comparat ve ^ g-proach has been pioneered by 
tonality and social hierarchy. P conducted in the re- 

Esser in experimental studies he York [14,15]. 

search wards of Rockland State Hosp * studies on a similar 

The author is presently “pal™ Me believe that the system- 

basis at the Pinel Institute in vp.p- significant progress in the 

atic application of this "ethod will ^^i"*^“5ni£i^ involuntary con- 
Study of the very complex problem Symposium will be 

fineLnt. The papers and the dTaaussions of thisj^p^ 
fruitful to all those who are engaged in t 


references 


Scrib- 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 
10 
11 


. , £ T.onifi Stevenson, Vol. 2. 

Balfour, G.: The Life of 

BaruU. 

f Moraie . Presses Universltaires de France, 

Pans, 1945. i-t-ion Unwin, London, 1912. 

Eebel, A... H^Life English translati^.^^U^_ 

Rurnpt. E.: Le Mond e des Lepre^ . Knit. . 7 . Crlminol., 

Cormie;, B.: gate fever. _ 

317-324, 1967. malades guerls a I'asile. Hyai 

Daumezon, G.: L' enracinemen 

Menu, 36-59-71, • Mercure de France, Paris, 

De Gourmo^^rr^.- Le_Cheman_dS_!i^2!iS- 

1911- . . . mmlnologle. Vandenplas, 

De Greeff, E.: InKoductlon a_La_^ 

Bruxelles, 1945. „„den and mental hospital. CanaU 

Ellenberger, H.F.: Zoologi I960. 

Psvchiat. As s. Jj., a- non! 


t <;.T?6-149. lyo'J* 

Ass, 5.iJO i » u-oitai psychiatrique. 

_• eds.. 

In Brion, A. and Ey, H., ^ 


In Brion, A. anU ty, .. 

Desclee de ^InloglRue ^ 

^[[[[TriTRes. Cont ljellSaa-SSlBln^ 


I’ecude de la prison. 
421-438, 1964. 



200 


H F EllENBERGER 


problem of behavior under involuntary confinement, owing to the dif- 
ferences in the aim of the institutions, the personality of the In- 
mates, the type of administrative system, the length of time spent 
in confinement by the inmates, the relationships of the inmates with 
the outside world, the stereotyped opinion held in the outside world 
about the institution and its inmates, the personal background of the 
personnel, the degree of crowding within the Institution and no doubt 
several other variables. Much time and study will be necessary before 
we are able to work out the role of all these factors and to devise an 
theory of closed Institutions. What 
of that kind’^ toward the achievement of a comprehensive theory 

scrtnIlm^'’^M method on record was that of subjective de- 

grS^erwr,!r of letters, diaries, autoblo- 

In Sneral ormen^^lT’’ prolonged time 

closed institutin ^ internment camps, prisons and other 

These"drc™“t:rS™everfm st\"rnJun:d":i%J^ 

fleet the viewpoint of their ^ '>’^5' ““y 

thelr average fellow-, authors, but not necessarily that of 
an examination of the extent' =l™ys start with 
do constitute a reDrelQOTa^ * ^ which the authors of these documents 

button and wLrtH'^th: 

Similar consideration«i a^ni, ^«presentative of similar ones, 

rectors, staff members □hvL^° publications written by di- 

institutlons. * ^ i-ans, chaplains, employees of the same 

or oolleotLf aniarpsychoLgv of^ ^y^bamatic study of the sociology 
ample for the mental hosnital^wo institutions. As an ex- 

hooh, The_^Iental^osnital fifii mention Stanton and Schwartz's 

£ajtives [AO], These ps'fchoWi naf Prison, Sykes' Society of 

bring a valuable contributir»n ► ..u '"mro-sociological analyses 
that will be utilized for a ^ subject, and provide material 

wiaer synthesis. 

Another approach is re 

who brought about reforms of studies made by people 

trial and error they sought to det^ other institutions. Through 
and which were not. When removlue'^^"!.''^'''’ were efficient 

noticed that these unfortunates msane, Pinel 

This gave 

being chained. Pinel's successor v agitation was due to their 

the method of "classifying" mental systematically applied 

dating them or grouping tLm together , (1 . e., ISO- 

exerted upon one another). Later Cm to the influence they 

a series of symptoms of "advanced*« 5 rhm u** Germany demonstrated that 
introduced his method of work and Of*... disappeared when he 

elusion that these alleged schizophrenlr'^^”"''^ therapy, hence the con- 
sulting from noxious environmental ro a U5™ptoms were artifacts re- 
conditions [33]. Baruk in France 
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vatlons made In another of catectoll^lnf Mos^rtLl: 

ry-4S3““”"r. 3 ssr.; .... » ......... ..«■ 


.» ............ u K ™“ 

rates in grouped than in isolate oataholite of sero- 

observation of Garattinl ^ — . [ > declines more rapidly from 

tonin, S-hydroxy-lndoleacetic acid (5-HIM) . .dnclln^ monoamine oxidase 

the brains of grouped mice after jhat 5-HIAA is normally 

Inhibitor and from our confirm ng group-living than Isolated 

present In higher amounts in the brains ot gr p 

mice [13] . 


3. The livel fg;^ ^^gf fpef ,1efs\ftfr“ 

of grouped mice than thoxyphenylethylamine is taken up 

peritoneally- administered 3,4 dimethOiyPe^t^^ase acetylcholinester 
by the braxn [ 12 ]. ine xeveis 
ase are different [7l« 


A. Compared with isolated aS^more 5f acted by 

tive to most CHS excitatory and stimulant g 
most sedatives and tranquilizers [ * » 


Siva L fers’’feartivf toTlefff sSfcf tfaf irofaf f 


xess tecK-Uivs; 

X K<ob levels of adrenocortical acti- 
6 . Grouped animals "^Lenocortical response evoked in 

vlty relative to Isolates, but the probably reflects dl£- 

them by stress Is relatively ‘'deal inhibitory systems that 

ferent levels of tonic of the brainstem. Failure to 

restrain subcortical activating ^ account in the conduct of 

take these differences in exclta i ^ the opposite of those 

experiments can lead to ^ 5,4 grouped and isolated animals; 

that actually exist between normally have smaller adre- 

for instance, although “ ia reversed if the isolated 

nals than grouped mice, this i j ficht for only five minutes 
mice are caged in pairs and allowed to trgnt 
daily for a few days [3] . 


. rew aaysi i-*! • 

• 1 -hP oons and medulla oblongata 
7. A lowering of norepinephrine rn fighting, 

of the brain, similar to , flA], Bronson and . 

In mice that merely witness ‘ Eonkeys that psychosocial stlmu 

and Mason [91 have shown In mice an In view of Che fact 

lation causes picuitary-adrenocor in the activating 

that norepinephrine apparently that these peripheral endocr n 

the brain [ 6 , 11 , 22 ], it is **ai„ct cLsequenoe of changes 

effects may be either a We have recently obse^ed 

In the activity of noradrenergic neu auraclon between mice that other 
that Incense daily encounters of sh j effects upon brain nor 

wise live In Isolation have profound sust 
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SOCIAL STIMULUS AND METABOLISM OF THE BRAIN* 
B. Ir. Welch 


fled social interaction endocrine effects of intensl- 

are mediated by the brain discussed by the preceding speakers 

been studying the effect^of dL? ^ 

upon brain norepinephrine social stimulation 

lieved to have a primarv eerotonin, amines that are be- 

primary role in the process of neurotransmission. 

live in groups and tCse'^thar'i*' between the brains of male mice that 
of l^fferent social suLSs JidL*" ‘=°l"bion, further, the effects 
ni.ce living In small erouns a,-^ , tions are usually graded such that 
that are crowded and those thar in response between those 

because of the great exnensA 7^ isolation. We have used mice 

with a higher animal and becanco involved in experimentation 

which the brain may be remavpti relative ease and rapidity with 

metabolic processes. chilled in order to slow 

Briefly, the differences thar v 
and in other laboratories dolnp e i ^ been found m our laboratory 
mg similar work are as follows. 

1 . Norepinephrine and do 

greater rates in the brains produced and utilized at 

This has been inferred from obsp-r^Fo*^” those of isolated mice, 

amines decline more rapidly when brain levels of these 

synthesis are inhibited with drues ^"a enzymes for their bio- 

amines usually accumulate more rannai^ observations that the 

lism are inhibited [16,17,19.201 ^ enzymes for their catabo- 

^ results are supported by obser- 

* The work swm<zmed here was sumo-^ a t. 

Office of Scientific Research u 9 grants from the Air Force 
Development Cormand, and the ItationnJ Medical Research and 

204 of Mental Health. 
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epinephrine and dopamine and upon heart, adrenal and spleen weight [15]. 
It is my opinion that, in the future. Intensive study of the behavioral 
and physiological effects of occasional encounters between animals that 
otherwise live apart may yield more information that is relevant to 
real life situations than will the study of animals confined under dif- 
ferent prescribed conditions for long periods of time. 


Our knowledge of the manner in which the use of space by animals 
vet of their brain is 

for fntnrr^a^'b! => -St challenging area 


8 


9. 


6 . Hlllarp, 
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fhev hiEhlxRht an omission which must receive 
these papers, rather they g g \jith choice 

high priority in our future ^esear * environmental setting 

roStf L^a^rfrr^^Lpletxng a behavioral 
reruenL^^Lre ^Lbxal aveaae -lectea^for^irs^expreasro„^beco.es^_^^ 

blocked’ How wide is the oppor individual have opportunity to 

of behavior? To what extent does insights about 

:re“i;res“f s-rtiLfarns^ 

Southw^ok: 

Regarding structure. 1 w-der if there 
of group behavior in relation to s of physical amenities , 

room size, dormitory patterns, ff .. on individual and group so- 

etc. Have these things, in their effect on indivi 

cial behavior, been investigated 

Ellenberger: 

There have been many lay 
no systematic experimental studies 

So'uth.iji'idk 

I would like to call on each of the discussants to give their 
comments. 

0l^n: 

«f i-he long-term effects of crowd- 
Davis has told us about some ^ relatively new 

mg on animals. He has also poin comment certainly applies to 

and unexplored field of - bv virtue of being mammals, we 

Homo sapiens . Nevertheless, i ___rtion to crowding is in principle 
have reason to believe that uman „ research, although spotty 

similar to that of other the case. As it is well- 

and incomplete, tends to con behavior associated with crowding, 

known that crowding, or rather caoacity, it may appropriate 

leads to a decrease in implications of crowding for future 

to comment briefly on the pos c „orld-wide concern at the mo 

population growth, a problem t a 
ment. 

The relevance of this tSf 

towards urban, i.e., crowded ^ to be reason to believe tha 

of animal research, there would growth in urban as con- 

generally observed lower rates f ^ higher degree of nervous 

pared with rural areas are a re 
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PANEL C H Southwick (Chairman) J L Brereton 

J B Calhoun D E Davis H F Ellenberger 
F Gehlbach G Morgan U Olm 

Southwtak (Chatman) 

confinemenrSnroSl4.°''Myers and^'Davr'"'® sactobiology of 

data from animal stadiS and Pteaenting experimental 

human experience i ^h^\ *^l®nberger, clinical observations from 
between Limar:;d LfaratudiLla'"" -milarltiea and diaparitiea 
tlve. We face the clearer perspec- 

of data. I w^uld 

comments, P°” discussants for questions or 


ness that nevertheless wholeness to these papers, a whole- 

by Ellenberger focused on the something missing. The last paper 

their confinement m simDlifnr.^ pact on individuals resulting from 
In essence he was saving that- i- institutional settings, 

tional aspects of an enclosed spatial and configura- 

has rather uniform, predictaVii below some unknown threshold 
oates. On the other hand, thp^ ®terious consequences on the in- 
nearly solely on the amount of « the focus fell 

jects. Decreasing space, rabbit sub- 

numbers for the available snace accompanied by increasing 

iological and behavioral disturba^*^° weed increased degrees of phys- 
the structural configuration of rhl v“® ^^^entionally simplified 
this variable would not complicatrt,?®^'"^®*'® pens so that 

studies amply demonstrate a conclue^ * ^^esults. These and related 
which I refer, that continuing reduiJ*^’ wholeness to 

tates undesirable behavioral and nTi« available space precipi- 

pnysiological changes. 

Hhat I shall no» say is not meant as a 
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the re-assessraent of the high costs of urbanization, particularly if 
it is borne in mind that urbanization is also a necessary ingredient 
in industrial development. tTeedless to say, the question raised is 
part of a highly complex equation that would have to be studied in de- 
tail to determine whether it might be feasible to deliberately speed 
up urbanization. It might be added that such a policy would require 
active urban planning with a view to avoiding some of the well-known 
problems of un-directed urban growth, which often mainly affects one 
or a few over-sized cities. Another part of the planning would seem 
to require greater attention to the problem of employment creation# 
Serious and difficult as all these problems are, they need perhaps 
not preoccupy us to the point of overshadowing all the positive as-- 
pects of an urban environment. 

Southwick: 

1 am very interested in the concept that human populations may 
be self-limiting. I think to many ecologists this is a very provoca- 
tive and controversial statement, and I wonder if any of our speakers, 
panelists, or those who are in the audience would like to comment? 

Oehlhach: 

As a population ecologist who deals with lower vertebrates, I am 
concerned that much of what has been said about population limitation 
has a kind of negative sound to it. Perhaps a positive influence on 
population regulation may result from crowding— at least temporary 
crowding. Consider social display in birds or schooling behavior in 
fishes as positive regulatory factors. "Huddling" in certain mammals 
and birds, in which the heat content of the group is increased during 
cold is anotViex fto-wever , crosids often seem, to be 

temporary in nature and related to particular conditions, especially 
the environmental carrying capacity. 

My studies of ambystomatid salamanders indicate that larval 
crowding causes cannibalism, which is a positive population regulatory 
mechanism. Cannibalistic larvae grow at Increased rates by consuming 
smaller larvae that would be lost otherwise, since the pond environ-- 
ment presumably cannot support high larval densities. This produced 
large metamorphosing salamanders, better adapted to their land envir- 
onment; because large size effects a favorable surface area/mass rela- 
tion, hence reduces the terrestrial desiccation problem. Thus, not 
only does larval crowding cause the adaptive response of cannibalisnt. 
but it results in limiting the total larval population within the 
sphere of environmental resources. 

Turning briefly to the human predicament, crowding in industrial 
centers nay exert a positive Influence on nan in scraewhat the same 
fashion. Cannibalism is not relevant of course, but crowding allows 
the specialized human close proximity to his resource requirements 
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tension. This in turn may be assumed to derive from the greater in- 
tensity of social competition that is typical of cities and to a 
lesser, but still noticeable extent, also of most smaller towns. 

In terms of future population growth, this may well mean that 
the economically highly developed and less developed countries face 
even more divergent trends than is generally assumed. 

In the developed or industrial countries more or less complete 
urbanization is within sight. This means that tomorrow’s parents 
Will all erne from an urban environment, a new experience in human 
history. As there is some question about the ability of any truly 
urban population to reproduce itself over any length of time. It 

nreienr™ “ "s" and so far neglected element Into the 

present concern about future population growth. 

comprlses'^a^variPihw^^f^^^”'^^”^* added that the terra urban 

houses near the cirv° ®^vironments, ranging from high-rise apartment 
sist!ne oroSe f^m 1 suburban developments, con- 

te^Vore “nd^ii^e are’obvlous- 

ever, be noted that former. It may, how- 

mltations, both in term<! ^^tpansion appears to contain its own 11- 
In short anS ™ teL:'’of%r'' "^"5' 

by long-range conmutlng and relft^d' nervous tension Imposed 

pollution problems of laree-scA^A 

other problems of chlld-rL,-,«» * habitation as well as many 

be left out of this brief c^lnt” society, which will have to 

growth in^the^so-called^Mp!^!!! problem of future population 

that will, among other thine-s ” ^°^”tries is a many-sided problem 
conducive to population creation of an environment 

reproduction. » without going so far as to prevent 

By contrast, in most develnn,v,ev 

progressed very far. in view ^ countries urbanization has not 
lation growth, it may perhaos iT lively indirect effect on popu- 
fectivc means of population contrS'’”''Tl.t'‘ '’“'^‘“"‘lally moat ef- 
to belittle the role of famll-w i ’ statement In no way intends 

hovever, a well-knom, taot thL ,, ‘he contrary. It is. 

adopted readily and on a largr.™, Planning will be 

highly conducive to a small familv ^ sn environment that is 

this means urban areas and to a i For practical purposes 

significantly affected by industrlar^ those rural areas 

In combination with an efficient urbanization 

fore appear to have the greatest ^ Planning program would there- 

trol. potential for rapid populatl on con- 

If this hypothesis is correct a 

* case could perhaps be made for 
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^ranted It may be something subject to erosion from enviro^ental 
grante . ^ ^ ^ nnn*?1derable period o£ years and generations. 

tSra;e:\T:a;inftha/the“ rno^uch^hlng as non-genetic biolo- 
gical inheritance. 


I think that Myers has effectively proven 
not the case. He must take into consi ne„bom and upon youth. 
?h:re fre^iri^^refffctrorLvLonmental influences which may 
be profoundly influential in human affairs 


Following the publication of -»y “^ 00 ^'''"' 

tlon"*. It was suggested to me P^at India^was^a st^^^g^^^ 

against my theory. A study of th particular of urban in- 

taken in regard to the cumulative , which was able to survive 

fluences. In trying to find any P°P“. parsees of Bombay 

more than a few generations of J’aptions to the rule that 

were one of the most PP°“P®^"® . grative effect on subsequent ge- 

large cities have a progressive g £ a major Indian firm, 

natations. The head of the medical division ot a J 
a Parsee, explained the situation among the Parsees 


A hundred years ago the hen ’they fled^from 

100 miles north of Bombay. They Lrsla, taking their Zoro- 

the Muslims during the Jppppp J In Persia they had been assoc- 

astrian religion with them. 0 nzations in the world. About 

iated with one of the eldest town. Parsees lived 

100 years ago, when Bombay was ^ continued, but in decreas- 

there, and others joined them. became exhausted feeding the 

ing numbers, as the village P®P upre 100 000 Parsees in all of India 
city. One hundred years ^ 5 °. J ®re ^ Bombay, 

today there are 90.000, two-thirds ot me 


wav: A man cones from a Parsee 
The medical specialist put i financially and socially. His 

village full of energy, and °akes go his father has achieved, 

son also has energy, and betters great-grandson, if any, is 

The grandson shows much less the Parsees, and I am told 

on subsidy. (There is S^eat we population lives wholly on the 

that a considerable part of th 
subsidy of this wealth) . 


This is representative of er^placL^of^x^oltatlon 

populations all over the ccneratlons of healthy rural living, 

of human resources, accumulate after another, that the nlgra- 

It has been our finding, from one stuay o study covering 

tlon to the cities is highly selective. 1>P 


' Co-=;unity Service, Inc., \elXou Springs, 
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(i.e., food, clothing, shelter). Simultaneously, can crowding lower 
human reproduction through greater educational opportunity or does 
it increase mortality through greater social stress? Either a popu- 
lation declines, disperses, Increases its resources, or does some 
combination of these three things in adjusting. Let us hope that the 
adjustment process is not as violent as cannibalism in ambystomatid 
salamander larvae. 


Another interesting parallel may be drawn between crowded versus 
dispersed humans and some results of my research in collaboration 
with J.F. Watkins on blind snakes and ants. Blind snakes are small, 
ve-in predators on ant colonies. A chemical communications sys- 
tem of snake and ant secretions regulates density and presumably op- 
timum feeding conditions. Ant secretions attract blind snakes, while 
blind snake secretions deter ant attacks and repel possible competi- 
tory and predatory snakes but attract other blind snakes. Similarly, 
socio-economic human groups develop enclaves, like suburbia 
hn r,«ii » in proximity to various resources. Intolerance 

suburbia coi*wnunication, helps create and sustain 

Buburtia which feeds upon" the Inner city yet ieslsts its rahabtllta- 


are alwSs''Dertinlnt'^i!I*w^*'^'^ density phenomena In lower vertebrates 
conceptual thinking Te^riSrl VI phenomena help to shape our 

rather universal example, is thought to be 

bystomatid salamanders the territoriality in our am- 

and territories mav « '^°"cept is usually inapplicable to snakes, 
Kaufmann. If territorial marsupial mammals according to John 

mechanisms like cannibal ‘"®re drastic regulatory 
among higher mammals as Ardrev'^aid “ in limiting crowds 

absent in many animals'? others believe, why is it rare or 

tlve feedbacks are factors which both positive and nega- 

control and environmental equation of crowding, population 

that reduce crowding in one a ^ capacity. If certain mechanisms 

others in a more complex P-ro,.!! \ §*■<>“? are apparently replaced by 
efficiency’ How do these mech* about their 

social systems or the temporal^" relate to relative complexity of 
can tolerate drastic crowd-limi^^'^“^® crowds? Perhaps populations 
temporary and of comparatively ^ ^ , if the crowds are very 

are socially more advantageous advantage. But if crowds 

haps populations must evolve the n longer lived, par- 

se ter crowd-dispersal mechanisms. 

Morgan 


I would like CO raise some basl. 
brought into consideration. About 2( 
vitality as a genetic constant is noi 


issues which have not been 
years ago I posited that human 
something we should take for 
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can muster In order to deal with this problem. An ef flclent f ®lly 
planning program in an urban area, properly supported by social w 
ers and dLllned with the assistance of ^“•^hropologxcal study data 
could, quite possibly, keep the population rate down If other^a 
clllties could also be made available, one need not think in terns 

disasters, at least in theory^^^he^blg^question^is^to^w^a^^e^^ 

iSs S fikfly!" What is happening in connection with emigrations, 
irth^t they take place because the systems of production, social 
compLltion and organisation are being cha^^d Che 

groups tend to become only partially. ef Sd onL ^ ex- 

sociL machinery. Stress builds up aud accumulates and once it ex^^ 
ists on a large chronic scale in a society, then we may n 
probability of violence, among other things. 

Davis : 

in relation to Gehlbach's comment: He_^mentioned^the^fact^that 

there is self-limitation in a large n recognize that many 

course, correct. It is ^P^^catlon. We must also recognize 

species have a device for self 1^ ,#ocr 1 v absurd to assume that 
tLt the mechanisms differ. It f Sp« as are clever 

all species have the same ^^irio be available. Ob- 

In grabbing on to some mechanism tha PP ^ ^ j loolc forward 

vloLly, insects do not have /J^^^^Son on the Insect mech- 

to the day when we ^^CtiM^effect. Let us have more studies on 

“irsre“eief«liy:iU '"lifify the different kinds of mechanisms. 

„e have also had t-quent comments^that^these^adrenal_^studies_ 

deal only with mammals; ” adrenal response differs. Also, 

tending them to birds because th aware, most of 

we need to be very " wi do not have adequate studies 

these studies are done "^^J' c che stress mechanism occurs in primates, 
on primates. We do know that t ^t^ ,uestion is whether stress mech- 
there is no question about that. .stemming from crowding, 

anlsm is tied to behavioral mechanisms stemming 

Breveton: 

A f«T me from this morning’s papers is that 
The thing which emerged for regulation is tremendous, 

the work on the Selye syndrome tor p p adapted to environments 

It is probably true that there are regulation is through the 

that are so widely _,,lation, because they get bounced 

means of never achieving high P P this is not always the 

back to very low densities in population theories 

case. There is a silly, sterile co j^and, and Nicholson, on the 

between Andrewartha and Birch, on populations, i.e., they 

other. There are Andrewartha an seasons and it is my 

fluctuate with the goodness and badnes secure areas to 

suspicion that, in a range of re find some that lack self-regu- 

ones that fluctuate markedly), you 
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several years found that out of 20 village high school graduates with 
the greatest potential of competence and leadership, 19 went to the 
city. In a rural town in Kentucky, the high school superintendent 
said that any high school graduate who stayed in the town was con- 
sidered a failure. 


The result is a progressive degeneration - maybe the degenera- 
tion IS less important - of the culture, the wealth and the whole 
hope of these rural communities, to the point that they become socio- 
logically relatively hopeless. People of culture and purpose cannot 
abide to live in them. This migration to the cities is taking place 
a over t e world in response to the deterioration of rural cultures, 
The newer migrations, consequently, bring more and more hopeless hu- 
man maten a1 . ^ 


stiiriw^nf interest: A student at Antioch Just made a 

large cities Negroes who move into the 

has wide annlnf>a>, ‘^eep South. Interestingly enough - and this 
most of the Neeroes^ ^h~ ’^^'^thrate increases dramatically among 
But with those\ho go\r£or'eduu«l°' “"“'Pl'’!”®"'- 

the birthrate becofla greltly Sce^ advancement. 

We oannot°ideq“tely''SserirJhL*ir'‘'l generations. 

Consequently. demogLphers for SOneratlons. 

taking place. What i« j most part, do not know what is 

tual.^Ltorlcar^pen^re "'ie hi 

eny urban population that has been’^aM records of 

cord of one urban oooulaffr,« ° survive. We have a re- 
vive; It proved the rule Sroup, that did sur- 

India survived m that city f “*^3shtras, a Brahman sect, in Madura, 
lation from the surroundmp maintaining a rigorous iso- 

that isolation it is falliT 7 <» ” environment. With the decline of 
the city. ® the same trend as the rest of 

Southwtok' 


To return briefly to th*» 

limitation of human population °5 or intrinsic 

hand is whether or not such Issues at 

tragic means. I think we agree ®*^Sht occur by tragic or non- 
occurring in the cities; but the limitation will be 

tion of health and behavior m-fohi- hand is how much deteriora- 

occvrs. S ^ prevail before this limitation 


Otrn. 


It Is very difficult to sav anv.u. 

Scuthwlck raises. It depends on whoe ^ Brutal about the point 

resources the urban societies 



The Role of Orienting Behavior 
in Human Interaction* 


Marjo von Cronach 


, . class of movements and positions 

In this paper, we deal a class orienting behavior: 

observed In human interaction h h^ towards the part- 

the orientation of the eyes, J structures in the human body, 

net. This behavior is based on p y soace, has its organs 

which, as with all other "^“^"^“^"nrontal orientation, 
for input and output located mad 

1 - A fv,® are the most important entrances for 

In man, the eye and the neglected in terms of orient- 

social stimuli. The ear has so fa^ investigators deal with look- 
ing behavior in social on the eyes may be that, 

ing behavior. A reason for ^his c marked directional charac- 

unlike the ear, the eyes, positions and movements which can 

teristics, show distinct orientation position i„teraotion-part- 

be observed directly.*^ These wall, to draw in- 
ner (hereafter called partner), , aognitive or emotional states; 

ferences about the lookmg-mterac sxgnal-func- 

they may also serve as our discussion; further- 

tion of the eyes which will orienting movements of the body 

more, we shall try to relate it to the orienting 

in general. 

7 A German version of this paper an Snai altheorie und 

Signalfunktion des Baumgalten. Hain - Meisenhelm/ 

Soziale Praxis . Festschrift fur 

Gian, 1969. . , Dr. William Charlesworth 

I am indebted to Agnes v. Cranach 
for assistance in preparing the Eng is 

a- o'.Tolntion. in those Instan- 

** It would be interesting to makes use of direction- 

ces where sense organs acquire case in the development of 

al characteristics, e.g., this might be the 
the white human sclera. 
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lating systems, as Nicholson proposes. I suspect that man is on that 
end of the primate range. It is extremely significant, in respect to 
man's relation to resources on this earth, that he may lack a self-re- 
gulating mechanism. I suppose one way to get at this would be; What 
kind of threshold to ACTH release and cortical response does man have 
relative to the other primates’ The threshold may be very high so 
that man will tolerate very high densities before his birth rate falls 
and his death rate rises. Hence, when he is shielded from environment- 
al catastrophy, he over-exploits resources and pollutes his environment, 

Movgan. 

You are speaking of a biologically self-regulating mechanism as 
coinpared to a sociologically self-regulating mechanism. 

Brereton: 


Well, I would bet that there Is no difference. 

Morgan 

laboratories in^hum question' One of the most ambitious and important 
nishef Si on Experiment of London^ tur- 

population limitation. It 
lies (In urban society) is limitation of faml- 

slcal inadequacy of Ihe ildll ! ^ complex picture of which the phy- 
environment are’^the outstandIlf“f '' T'* '““Ic'cscatlon of his social 
human crowding and devItlliLtioI I response to 

to resort to available fnv^o large city has led to having 

personal health and sanitv A limitation in order to conserve 

controls that once prevailed variety of systems of sociological 

been documented bv the human societies in the past have 

AAAS section on "The f Carr-Saunders . On last Friday's 

that such systems had ’ ’’“'^Baret Mead mentioned 

can influence. She also menu ‘^^pan until the advent of Euro-Ameri- 
controls among other peoples ®*®"Pll^ylug the variety of such 

lowed to have a second child ^ln^^^ tu society a family was not al- 
would call sociological as mn*- a first was married. These I 
8 as contrasted with biological controls. 

Southwvak: 

In closing, we come to the Vev 

the interplay of behavior and nhve^ ssues of population ecology — 
mortality. It is apparent natality and 

in terms of knowledge, insight and studies have much to contribute 
long way to go In u„d„sta„5™X''“.!r“"'''> we still have a 
thank our speakers for their eJcell ^ condition. I would like to 
their stimulating comments, Papers, and our discussants for 
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It has to fall within the range of sensitivity of the receiver's 
sense organs. Any detailed description of the signal has to start 
with considerations of its connections with propertres and behaviors 
of the receiver, since In their mutual relationship, signal and re- 
ceiver constitute the essential units of Investigation. Signals can 
also he studied for their significance in a shared communication sys- 
tem of two organisms. In this case, their place 

tem of the sender Is also of Importance. Signals of this kind “ay 
called social agents. (The adjective "social does not designate any 
special kind of signal, but the context in «hach it is used, 
the existence of a communication system involving sender and receiver) 
The analysis of a social signal thus requires the separate st^y of 
receiver, signal and sender. For this purpose, ® 

two different aspects of looking behavior as a social ®J8n ‘ ’ 

the quality: Whether an event Is a social signal 

It Is received by the receiver as it originates from the sender. Se 
cond, the meaning: What Is Its function In 
in his conscious experience) of the sender an 

Research has developed along other Others 

qualities of looking behavior were known in 

studied the function of the gaze in the behavior F easily 

It may have been t''® “ 3 'of”j.ts°signal^qualitles seem un- 
recognized, which made examinations hiltory^of research but 

Important. Our report does not follow Che history 

the logic of the problem. 

Variables of Looking Behavior 

Signals may differ In It^funclL'n 

event or any common scruccure-quall y signals (electric 

as a signal.... we f and signal configurations 

impulses, morse-code, ®„,-tures are distributed in space 

(pictures, letters). Many signal 
and time" [36] . 

4 pxoression movements, we have 

In looking behavior, as in m structures In the sense just 

Co take into consideration the comp described; the definition 

described. The phenomenon has to b of the signal. Most 

of variables has to consider the tfe fuLtlL of the 

studies (especially , the sender omit the latter. In- 
glance in the behavioral system of t context 

^rfati^irrertr irw 

* For innate social ^£=;S;^“:nrtirdrelopmLrwherf se!" 

responds to the temporal order o p y developing the 

lection generally lies with ‘he rece the’ special capabilities of 
signal (releaser), the sender adap pp.l57 tf.]. 

the receiver’s sense organs [22, p* * 
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THE GAZE IN INTERACTION 
Social Functions of Looking Behavior 

In social psychology, the gaze is considered as important social 
behavior. Argyle and Kendon summarize: ’’We may distinguish three 
ways in which visual orientation functions in interactions: 1) to 
look at another is a social act in itself; 2) to meet the gaze of 
another is a significant event and may often be an Important part of 
t e goal sought in interaction; 3) in seeing another, much important 
information about him may be gathered, in addition to his direction 
of gaze" [7], 


ulrif'h'^ma deals With the first two of these statements, 

"“f Is significant for the 

function i- ° j partners, thus Inferring a communicative 

w“=^au‘deserr^r "On the basis of the relationships 

of gaze-direction’ offer some suggestions as to the function 

act^anrcer^fu”; thf hSa^or^flhrStr^^d^^ 

sign and reculatnr^r navior of the other and as an expressive 

of the other'' [ 7 ]/ "hlch he may influence the behavior 

be found in many^studles 0^^^ functions as a signal can 

supposition, detemininfi th^ explicit or implicit 

tation of results. The ava 7 ia>ri^^" investigation and the interpre- 
looking behavior, esoecialiv empirical studies on the function of 

of the partner, will be AiJi. dealing with the glance at the face 

iscussed in regard to the following questions' 

ot°lookL|^behavlor°r™ ® “lenalt Which components 

havlor Integrated Lto the looking bc- 

the interaction, especiallv P="^l"nrs of 

signals'' ^ into the system of the other 

No historical survey is intend H 

few years that speculation and^n only been in the last 

have been replaced by observation in this field 

largely influenced by a studv-pr^ '’Methods, This new trend has been 
reported the present state of around Argyle, who has recently 

Today, in this field, social 0 ^ ^ interactive behavior [A, 7]. 

chiatry which is interested in l5"°J-°8y joins with that branch of psy- 
tlons and with human ethology. ^ "*^arview and in therapeutic situa- 

Concepts and Methods m the 

Investigation of Social Signals 
A signal may be defined as the 

[36]. To be received, the signal ha^ y®ioal substrate of a message 

® to be perceptible, that is, 
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It has to fall within the range of sensitivity of the receiver's 
sense organs. Any detailed description of the signal has to start 
with considerations of its connections with properties and behaviors 
of the receiver, since in their nntual relationship, signal and re- 
ceiver constitute the essential units of investigation. Signals can 
also be studied for their significance in a shared comunication sys- 
tem of two organisms. In this case, their place in the behavior sys- 
tem of the sender is also of importance. Signals of this kind may be 
called social agents. (The adjective "social does not designate any 
special kind of signal, but the context in which it is used viz. 
the existence of a communication system involving sender and receiver). 
The analysis of a social signal thus requires the separate study of 
receiver, signal and sender. For this purpose, we have to gamine 
two different aspects of looking behavior as a 

the quality: Whether an event is a social signal depends on whether 
It IS rec^ved by the receiver as it originates the sender. Se- 

cond, the meaning: What is its function in the behavior (and in man 
in his conscious experience) of the sender and the rece er. 

Research has developed along other lines. Before the signal 
qualitirs of looking behLior were known in 

Cl. :s r.rsTu» ». ».•••■» •> >■> 

the logic o£ the problem. 

Variables of Looking Behavior 

e. , J ,r, rhPir degree of complexity. "Any single 

Signals may differ i Quality of several events may function 
event or ay common sequences of signals (electric 

as a signal.... we disti g laneuage) and signal configurations 
7 int:re;,“i™)!’ xr"rgna! siructures are distributed in spaca 
and tine" [36] . 

In looking behavioy as in 

to take into consideration the c described, the deflnltlo-, 

dycribed. The phenomenology of the signal. Hos. 

oE variables has to consider fh® P pp Che function of the 

studies (especially ^he experime pender omit the latter. I 

glance in the behavigral taken out of their cort 

stead, components of looking criteria and used as v 

to satisfy certain logical or statist 

- , seouence we propose for resea.- 

* For Innate social slgyls, t _2-ioecnetlc development ubt 

responds to the temporal order of PhyAogyetl 

lection generally Uea with receiver l.e . 

signal (releaser), the f^P^" 37 ° p^-lS? ££-l- 

the receiver's sense organs ( 22 . p.llO. PP 
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ables. The following survey lists the concepts used in dealing with 
looking behavior: 

Onesided look : The sender looks at the face of the receiver, mainly 
at the region around the eyes. 

Mutual look : Both partners look at each other’s faces mainly at the 
region around the eyes, thus acting simultaneously as sender and re- 
ceiver. 


Eye-contact : Both partners look into the other’s eyes, most probably 
into one eye only, and both partners are aware of the mutual look. 
(Many authors, however, use the term "eye— contact" as identical to 
the "onesided look"). 

Gaze-avoidance; A person avoids looking at the partner of the inter- 
action and especially so if the latter looks at him, so that eye- 
contact does not occur. In this definition, it is only by the inten- 
t on o avoidance that his behavior is distinguished from the follow- 


Omtsslon of gaze; One partner does 
out evidently avoiding to do so. 


not look at the other one with- 


The following constitute aspects of looking behavior: 


recLve”ls^deducerf^f°^ reprd): The direction of the gaze of its 
the sender. position of the eyes in the face of 


fSrffffHou®"'' «ove»ent): Ihe change „f eye positann in changing 


l_aye-co^^!an^ 


gaze direction, 

^nrlhnt°a certain °r nutual Inoh: The perinds of 

rlod during nhich the aendet 

THE ASSESSMENT OF GAZE COMPONENTS BY THE RECEIVER 
We have shown why the ana^vc^,t 

llshlng whether the sicnal ^ Is of a signal first requires estab- 
the studies to be reported receiver. Many of 

could be assessed by the recelv only assumed that the signal 

assumption of the basis of a *^he authors justify this 

study by Clbson and Pick [28]. 


Earlier Studies 


> the Accuracy of Gaze Recognition 


Gibson and Pick experinentallv 

can recognize being looked at in the ^ how well a subject 

they used a sender and six rece-ivi...^ [28]. in their experiment 

at two meters distance. Beside 
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gaze direction, the head position of the sender was also varied 
Head positions were "straight", or turned 30 to the ’^^sht or the 
left respectively. The authors reached the conclusion that the 
■iudEemen/of the receiver is based on two components, the position 
ff t^bLd and that of the eyes. Variations of both components are 
judged in terms of Gestalt-llke conf Ignitions. 

proLces only a small constant error. They concluded. The result 
s^ggert tha/we have good discrimination for the line of gaze of ano- 
thfr person, at least with respect to whether or not we are being 
looked at. The ability to read the eyes seems to be as good as the 
ability to read fine print on an acuity-chart, according o ou 
determination" [28]. 

Cline repeated the experiment using more refined methods which 
included gaze direction to points outside the 

receivers saw the mirror image of the points 

points distributed around their heads. ne o phe send- 

Ly between the receiver's ayes. In one confer::! 

er’s head was fixed at an angle of 30 . -,q 11 v that the receivers 

the results reached by Gibson and ^ added however, that 

react to a total stimulus from eye and hf 

head position and gaze direction interac , -? „ „ constant 

falling between both head and direction, whether the 

error when eye and head are turned in directed 

direction be left, right, or straight ahead. If the neac 

straightforward and the eye contact, Cline re- 

termined by Che direction of the gaze. ^ncitions the line of 

narks- "As a matter of fact, for most "“^-^“““nieatL accuracy 
regard directed into S's eyes is discrimin unique exper- 

than all other lines of regard. The [14]. 

lence, and there are unique judgements coordinated with 

Our Own Studies on the Signal Character of Gaze Components 

The studies Just cited led to ’ row^^er^'Ley 

as far as the influence of signal character of looking 

do not allow safe conclusions about single variable, 

behavior, mainly because they are restricted 

viz., ga^e dire^ion. For this ^g^^Lr Z I receiver, 

perlmcnts on gaze recognition, behavior of Che observer al- 

but an impartial observer as . by other persons not di- 

lows inferences as to the gaze also permits an exam- 

rectly Involved in I^e interaction p to assess gaze 

inatlon of experimental methods, ,g statement that the send- 

varlables. The receiver s I''® ^ . -ailed "face-reaction", 
er looks at Che receiver is, forthwith, callen 

, -t^ontallv studied the question whether 

Kruger and Huckstedt " /ftoti eye to eye, can be re- 
eye contact, that is, the random order at seven target 

cognized [35] . The sender looked in a 
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points distributed at equal distances on the face of the receiver, 
two of them being the eyes. The receiver announced his opinion as 
to where the sender was looking. The results (35% correct judgements 
for the eyepoints at 80 an. distance and 10% correct judgements at 
two m. distance) show that "eye contact*' in the sense of the defini- 
tion given above, cannot be assessed reliably by the receiver, and 
thus does not qualify as a measurable variable in studies of social 
signals. A repetition of the experiment by Ellgrlng yielded essen- 
tially the same results [23], 


In two further experiments, Kruger and Huckstedt investigated 
the conditions that lead to the recelver*s judgement of the sender’s 
gaze direction as directed into the face of the receiver [35] . Some 
of the target points looked at in a random succession by the sender 
were located in the face of the receiver, others were horizontally 
and vertically distributed around it. Head position of the sender 
was varied (straight, 20-25" turned to the right or the left). The 
results show that the receiver, under the given conditions (adjudged 
good for many reasons) , recognizes most of the gazes directed into 
nis face, but also frequently reacts to glances at target points out- 
ttie face reactions Increases with 
be shoM Head position could not 

of Sarno^tM “ factor while there Is a clear Influence 

oLe^L dlftl^e M ^ ® direction. On the whole, the 

=eiv«! Ss occurately than the re- 

eapeciallv the h a relation to the sender-receiver-axis) and 

srarr?y'Lf£:re“es\°fti ^h importance. Per- 

this factor 

statistically the of the receivers, although, 

essential tfhnoS rhft t^e ! 1" our context. It is 

matter, but depends on situitlo"™?"^ direction is no simple 

V nos on situational factors and personality properties. 

does not correspond^to^the direction of the unmovlng eyes 

situation, we tried to assess ^ normal interaction 

analyzing its single components^iT,^^^^'*"/^ natural stimulus by 
included gaze movement in an series of separate studies. We 

In this experiment, the sendpi-'., study of gaze recognition, 

glance between a number of taro fixed, while he moved his 

the receiver. Two alternative ^ Points in and around the face of 
an eye movement would Improve tested; a) Adding 

whole; that is, the glances direct^ recognitions as a 

would give more "face-reactions" fh with eye movement 

present, and the glances directed movements were not 

less reactions. In this case e side of the face would give 

stimulus configuration of Gestalt-*^K glance constitutes a 

ment and following gaze directl„u'i„‘‘eacrLeL!“'=!:_^'= 
common effect, b) Gaze movement ^''/"^Pance produce a total 

In the direction of the face should 
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feet of the two components. 

Results support the second hypothesis. Subjects do not reach 

of Che asymptote in the latter rase^. _ I. _„i' they occurred 
the face yielded considerably face. For extraverted 

immediately after a gaze movement ^ of gaze than 

del.* 

in a succeeding experiment, head movements were 
further approximation of ® reaction" of Che re- 

ment, we tested .. ® tlon head movement and the suc- 

celver depends marnly on ^ ^ j’ assumed that these com- 

cessive head position ® additive way, and that their 

ponents cooperate more or less x c<»«de.r-receiver distance. In 
relative weight is a function of e ^ points), head position 

this experiment, gaze direction ^ these positions were va- 

(five positions) and head movement three meters). 

tied for two different “te dlrfction and head posl- 

The results confirm our hypotheses on gaze oire 
tion for both sender and receiver. 

With increasing ^^Le^crof thf-LfeJ^rctS^^Sr 

became worse and its relacrve i -osition remained unchanged, 

mlnlshed. The influence of the head ^sitron^^ relative to gaze dl- 
In consequence, the latter gaine ^ affect the receiver's re- 

rection. The size of head affected only at the three 

actions; the observer's , the reaction tendency of the 

m. distance condition. On the w » . movement; however, 

receivers diminished under the co greater distances [353. 

the reaction tendency is stronger or direction more accurate- 

Extraverts among our subjects _ted by head position. Ob- 

ly than introverts; they were less -p-^tately than receivers and 
servers generally discriminated less accurately 
reacted mainly to head position. 

, rhpse experiments, we come to the 

If we summarize the results . experimental condition, 

conclusion that, in this specla p L^uavlor of the sender is In-* 
the receiver's judgement of the effects of which are depen 

fluenced by various stimuli, the c 

. the ethological concept of stinu- 

* Future studies should test "^e ^^ponents of gaze recognition, 
lus summation can be applied to 
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ent on the special conditions of the social situation. In special 
cases, judgements may reach a high degree of accuracy, while, in 
other cases, gazes directed at the face are not recognized or non- 
existing gazes are erroneously perceived. Eye contact, in the sense 
of our definition, is not a measurable variable that can be regarded 
as a^social signal. It should be replaced by the variable "mutual 
look that is equivalent to the "face reaction" in our experiments. 
Gaze direction and eye movement are signals only in combination with 
other orienting behaviors. 


reaction tendenclC!'’‘'The''M°ulS''obtr^'"rf influence 
some insieht e-ir. i obtained for our observers permit 

in the interaction proLsr''°Sthod"l^^ involved 

Importance because they pemit studies are of 

of observation iiethods^fOT the ns the appropriateness 

havlor. ^ “s^sossment of variables of looking be- 


iroCTION OF THE GAZE IN THE BEHAVIOR SYSTEMS OF THE RECEIVER 
C-c versus the Byes^as_^I„nate Releasing Signals 

central problems of etholoav^^^fo^"^ recognition is one of the 

has been replaced by the te™ releasing schema" [38] 

which includes the efferent comn releasing mechanism" (IRM) , 

The IRM nay be understood as ^he mechanism as well [Ml. 

a special innate behavior tvai-.- which releases 

mental stimuli. liRe ^ stLSlurfJ? appropriate environ- 

mlnes the animal's selective sensibj?^’ s’”® =="sory mechanism deter- 
P.303, ^Id. note about the Iwn stimuli" [41, 

restricted, by learning (Instznifi- modified, especially 

Nowadays, releasing mechanSr^™; [381. 

all IRm'* ['>5,411. It classified by their innate or 

, , modified by learning ^ ° assume that in higher mammals 

adult humans. At best, « can ^-"'5 1" rt" 

Here, however, we have to keS a ™ 1" bbe newborn, 

ordinations will fully Sloped! “ ° bereditary co- 

The smile of the Vi 

discusscH^t ’ attracted a relatively first communicative act in 

The smnt *^ctall numerous studies ^ 'degree of attention. Ambrose 
The smiling response appears alS “1= behavior pattern [21. 
citMtL cfrc! bSSj^S" “Tst week'of HL: s^me- 

child '""'''"Pblcn exists ’nu!h ? ^ Probably no dlffer- 

bo!! hu!f "'“‘’crn baby ^ ''l=wal oriented mother- 

tern esnnr.<°M^^^'’^ snlle as with closed eyes; babies 

^ f ^ suited for studies of « u this behavior pat- 

P P es, the eyes in quiescence and development. For our 

Qovenent are of Interest as 
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releasing stimuli in ontogenesis. 

Buhler and others found, that three- and-four month olds smile 
mainly In reaction to a glance, mtalc e.pressicnsjnly garn^^^^_ 

SrSpoLf of :hl!dr°e^ f": “r" ieven 

nil He found that the children, at a distance of 20 30 cm. “id 

not fixate the dummies, which were dark ® ’ if \L'’distance 
tween them (corresponding to the bridge of nos ) child's 

between the spheres was “f^tfer findings 

gaze wandered to and fro between characteristics of the 

he concluded that the smile is no y I Che whole 

eyes, especially not by glance, but by the Gestait^^ 

eye region. While the child grows older, other part 
(mouth-region) gain in importance. 

Spitz and Wolf also cf cludef thaf f e Gestalt 

extensive study of the smrle [47]. V nose is the essential 

character of the face with eyes orrtrrttaulL , a friendly 

releasing character. The social 1 ^ authors, however, 

face or the glance, are of no * of thfoestait "face", 

did not experimentally vary these components of the Gesta 
the functl™ of the several elements remains to be proven. 

Ahrens was the first to ^p^ef meftf f f”' 

leasing stimuli by systematic Co explain the contradictory 

One of the purposes of his experlme Kalla as well as Spitz and 

results of BuhUr « al. on ovralonror the Gestalt'of the 

Wolf on the other, namely, "Aether ^^^y different optimal opti- 

ocular region releases the smile. months, 

cal releasers for different age releasers. In the sec- 

several (up to six) eye-sized u«,.^rontal eye points has the 

ond month, the ocular region with lower part of the face, 

strongest effect. From the third * Elaborately lifelike dun- 

not as yet the mouth, gains in inpo . ones. From the fourth 

mles are more effective than purely sc elaborate, movements of 

month on, the dummy has to be more an fifth or sixth month 

the mouth begin to be effective, "" the natural face of 

dummies can no longer be used as r findings are best explained 

the adult is the optimal i„ transformed by learning. At 

by the assumption that an IRll is s ipagets (the more the better) 
first, eye-sized points are innate re included. Only ouch later 
then, step by step, the ocular reg inportance. "F-^perience 

arc the face as a whole and its ^ slowly blended over the basic 

- the completely modelled human . proceeded far enough to 

structure, until finally differentiation respond- 

oakc personal recognition and a prog cited studies 

Ing fimllc possible" [41]. On the wJiole, we ^ releasor of the 

do not give information on the cCtcc ocular region 

Infcnt-c smile; they du shew, however, that > 
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hold an important place in ontogenesis; they are the first optically 
effective social stimuli. 

Looking Behavior, Distance and Choice of Distance 

‘he partner's location and distance probably 
ditlons ® hehavior. Nachson and Wapner studied the con- 

as belL " ^ Influence the perception of a person's schematic drawing 
f ="fSht ahead": they found, that this depends on the per- 

by the llaLratlorof ?h ’'a' ““S'' ‘P ‘“‘n, be Influenced 

tLrttfSstaf f a' '’y “"“nntlon [39], Hunt showed 

SorpJcLref^^p ^ perceived to be smaller. If the per- 

son pictured looks in the direction of the observer [29], 

and Dean [5] /"^They'^advLced^a th'*”'' ‘'"'®=“Sation by Argyle 

avoidance result In a state of attraction and 

value (Soltaert) of the desired “ theoretical 

actually reached deoendq nn ntimacy. Which state of intimacy is 

partners and the frequencv^of^°”^ other things, the distance of the 
they found that the subieec^s • In a series of experiments, 

range than people with open eyel-Tn closer 

duration of eye contact ar^ ^°nversations , frequency and mean 

hypotheses were sustained, ** oportion to the distance. Thus their 

fortable distance” to subjects choose "the most com- 
ments they found that their Lm!!! repeated experl- 

looked at them closely than tho<!^ k rather approach persons who 

found that normal as weU « diH, them. Castell 

ults who were looking at thL fi 2 ? advanced close to ad- 

dlcting those of Argyle and Dein dn Results, although contra- 

have tu assume, however, chat their” their theory; we 

a ty ^Ptrtdt renditions only Wv librium model can be applied 

Besld ’ “'r ""Perlmcnts these conditions In 

Besides, the analysis of these dlff in several respects, 

context: we are ooncerned „Uh tje interest in this 

‘■'P fnnntlon of the gaze. 

The results cited do fihr«. 

^°°hlng behavior, but only influences the 

s^urp- s-bT; -- - --- -- -- 

The Interpretation of the n 

ty the Receiver 

The receiver's e.xperlence eF i . 

Argylc^and*^WillJ^ highly dependent on the his reaction 

Argyle and WUllaas Investigated the "Pti"! situation. 

ons under which subjects 
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feel olserved; they c^e to “tuaf leohLrbeh"^!'^ 

rhe^err [^r jltsyle 

Sn™:? rpfpefaki; Ito. the^^ 

of the "attention structure which Chance reg 
hierarchy [13] • 

THE EUHCIION OE THE GAZE IH THE BEHAVIOR-SYSTEM OF THE SENDER 

see of the atudlea reported ;;-<=/™‘==^^®:^Urtion'tLf loot 
signal as well. Most of th- -e based on tHe^Pt^^_^^ 

Ing behavior is used as a signal to regurar 
way or another. 

Announcement of Readiness to Communicate 
.'Gaze fixation, that is. l°oUing_ direcUy^at^another^individual,^ 

signifies a readiness for ‘■"t®tPttion observations and 

assumption is as yet only sustax t^„_.ations were systematic, but 
not by experimental data. °egarSd as a regular 

not completely standardized; they , ;,ospital; there are no 

sample; subjects were patients “« / teginniig of verbal corn- 

data oi the reliability. We ‘h^^j5:„^,:lion ol the body, the 

munlcatlon generally is . /t;,ese behaviors are hierarchically 

head and the gaze. We assume that P"®® .. communicate at high 

ordered and express the burned towards the partner. One 

intensities; gaze, head and body accurate designation 

of the functions of this beha^/ior might f ^ people, 

of the receiver of the communication in presen 

We also found that people che^soclal''sltuation (for 

readiness to interact respond to c ® x . changes in their body 

instance, the experience of a new pa . j-j^e increase in orient- 

orientation. In inhibited depressrv even before verbal inter- 

ing reactions seems to announce P^° numerous but difficult to 

action is resumed. These observa behavior and the social si- 

control, because of the complexity o regarded as definitive 

tuatlons; for these reasons they cannot be regard 

proof. 

eipnals the readiness to communicate 
The hypothesis that the e^ze signa effects is an- 

Inplies that strength or change o . This hypothesis has been 

nounced by a variation of looking Exline studied the connec- 

subjected to experimental ^ affiliation motive in competi- 
tion between looking behavior and tne ^ean dur- 

tive and non-competitive situations KJ- competitiveness of 

ation of eye contact correlates ffiHation motive and positive y 

the situation for persons with a "^8 In another experiment, 

tor persons with a low aftlUntion motive. 
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Exline manipulated the subjects* orientation of gaze towards inter- 
viewers [26]. The mean duration of gaze co-varied with the critical 
attitude of the interviewers towards the senders and thus with the 
positive or negative effects that the interviewer Induced in them. 

In a further study with two interviewers, subjects showed a higher 

tlo" US? If?™ held high in their estima- 

tion [251. An Investigation by Webb et shews that the relation 

between effect and gaze duration is not restricted to social stimuli: 
ohsprvaM*" offered the subjects four pictures for simultaneous 

thin pictures being regarded longer 

to lie « "-Pic probable 

tl IoII;inic"aI“‘’" - ‘he signaling of reldiness 


Announcement of Communication-Avoidance 

vatiariii! - 

of readiness to communicate?^^ otioncation co-varles with the absence 


nunicate in the sender^ '^In^ph _signals avoidance to corn- 

above-mentioned case of the problem much resembles the 

further difficulty hoeiv s; we come up against a 

nunicate night be expressed hv '•ritensity of inclination to coin- 
cation avoidance, a defensive^attl^'^d gaze. A communl* 


uunicace night be expressed h^, *»«-cu»icy or inclination to coin- 

cation avoidance, a defensiva emission of the gaze. A communl* 

dltional signal. This mleht he, should be announced by an ad- 

ing behavior, for example® Kv ! a special version of look- 

» oy temporal variation or by body movements. 

Body movements 

chlldreu arc described by P''°i'i‘‘"':s of autistic 

Ing away uf the head, cover!™ ^ “totedt [30] . They report turu- 
lar behaviors are described in ‘he eyes with the hand, etc. Slmi- 
authors: Tinbergen described the "i studies of different 
on appeosenent gesture [48] cha ‘PPhlng away" of the klttlwake as 
nammals (131, Rlemer la ag„eSe°rMw° ‘"‘-“H-octs” uf birds and 
S®2®-abnornality !„ assumption, reports two 

blink, that is eye blink at aHnn-t ? P®»^ients: "Excessive eye- 
is considered to announce the scree'^'^*^ frequency (up to 100/mln) 
averted gate has the meaning of eSelnst the environment; the 

continues* In persons maulfestlne , avoidance." Rlemer 

[ ]. It should not be overlooked ‘h" whole emotional being 

not been defined In an unequivocal ee ‘ “? ‘hese variables have 

discussion of the facts of body-ond way. As before, in the 

gacc-varlatlon acquires its meanl™, fln-i that 

with other comrunicatlon variables ® ® ® gnal only in connection 



ORIENTING BEHAVIOR IN HUMAN INTERACTION 


229 


Hutt and Vaizey investigated the influence of population density 
in a small room on the behavior of a mixed group of normal, brain 
damaged and autistic children 131], In all children but the autistic 
ones, aggressive behavior increased significantly with density. It 
was remarkable that autists, though relatively helpless, were not sub- 
jected to increased attacks. Hutt and Ounstedt explain this by the 
autistic gaze avoidance which acts as an appeasement gesture [30] . 

Some of their data, however, suggest other explanations: the fact, 
for example, that autistic children display less contact, that they 
retire to the corners or to adults when density increases and that 
they do not attempt to defend positions or toys. In our own ward, 
we took movies of a schizophrenic patient who showed a definite ten- 
dency to hide her eyes. She turned her body and head conspicuously 
away from her partner or covered her eyes with her hands. If she was 
sitting at her table with other patients, she hid her glance from the 
highest in rank. When doing so, she tried to watch her envirorenent 
through spread fingers. After having received sun-glasses which 
shielded her eyes from the gaze of other persons, she behaved much 
more normally. 

Exline, Thibaut, Brannon and Gumpert induced their subjects to 
cheat in a group experiment {27J. In interviews conducted before 
and after the experiments the frequency of eye contact was measuredj 
this was decreased in the experimental and not in Che control sub- 
jects. 

Summing up, It can be stated that there are as yet too few re- 
liable findings on the meaning of gaze avoidance or gaze omissionj 
these behaviors probably indicate communication avoidance. Gaze 
avoidance seems to be accompanied by conspicuous body movements or 
postures in most cases. 

Coordination of Partner-Behavior 

There are a number of studies showing that looking behavior and 
talking are coordinated. Nielsen reports that during conversations 
bis subjects looked at their partner mostly when he was talking and 
less when they were talking themselves [AO], They would glance away 
when they began to speak, or a few seconds later or, in some rare 
cases, even a few seconds before they began, to return their glance 
to the partner only when finishing their utterance. Nielsen offers 
several explanations: "It was maintained chat each particular visual 
act nay have a number of functions. It may be a natter of observing, 
orientation, inspection, a rhetorical device, an example of expres- 
sive behavior, a concealment response, an avoidance of distraction or 
o search for pacification" [40, p.lSS], Argyle and Kendon reported 
an investigation by Weisbrod on looking behavior in a discussion 
group in connection with coalition formation of the participants: 

Weisbrod concluded chat to look at soneone vhilc he is speaking in 
to signal a request Co be included b> him in discussion, and that to 
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receive looks back from the speaker is seen as a signal from the 
speaker that he is including the other" [7, p.74]. 


The most extensive as well as intensive investigation was con- 
ducted by Kendon [34] . He analyzed sound-movie pictures of 14 sub- 
jects in conversation. In doing so, he found temporal coordinations 
of looking behavior and speaking corresponding to those reported by 
Nielsen. The tendency to look away at the beginning of the utterance 
is explained as a screen against information during the planning phase 
o£ the comunication. Furthermore, he found that subjects looked at 
their partners at the end of their utterances, simultaneously assum- 
to tLf he interpreted as a signal 

ll dSavT "‘snal is absent, the answer 

of nartCr; d t Lalljee and Cook found, that the synchronization 

of partners deteriorated as visual conditions got worse- interrup- 
tions and pauses incrpa«ier 1 ffti n ® worse, interrup 

view situatlonci i-r, u , reports observations from inter- 

qiiet freoientlv interviewees, while keeping the heads 

Cuke kowed tha/thirbJta«orV^™"'^/a“’ partners [19]; 

cult questions, but not to tho<s answers to diffl- 

negarded as ackenLrSeh^vi'^r^nlif s^H [alj- 


Thus, looking behaviors 
and speaking are coordinated 
port for the assumption that 
speakers. 


which are accompanied by head movements 
in their sequence. There is some sup- 
is facilitates the cooperation of the 


The Glance as Component of a Greeting Gesture 

behavior Patternt^the”'so-cSlurr''‘’"° movies of a special 

women of different culture*: o which is shown by men and 

foreign influences, when ^ had no previous contact with 

Slow motion pictures of the v.rT® "f '“changing greetings [21,22]. 
one third of a second) show movement (total duration about 

gaze, smiling, lifting of the sequence- orientation of 

eal frequency. As hekescriberSThe " ^S'P- 

it by looking at his subjects hi i following chapter, he released 
behavior pattern Is very similar nod, or by waving. The 

view of this Intercultural similari Pc°Pic observed. In 
Gestalt of a fraction of a s^^n^i character of this Zeit- 

sj»ptlon that the greeting m^^ent hlbl-Eibesf sldt 's as- 

e special circumstances of the mo. innate one seems plausible, 

mentally Investigated. "’ovement's release have to be experi- 

As another form of greetmcy t? i.-, 

Gruss, a slow lowering of the describes the L^d- 

tact for about half a second [211 ^'^ich interrupts the eye-con- 

of eye-contact has an appeasing funot-^ that this interruption 

owering of the eye-lids might be a l possible that the 

intensity form of the head 
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nod (agreement) . 

Gaze and Distance in the Behavior of the Sender 
The distance between the partners also rnflnences the behavior 

assessed by observers, a repetiti j-Vi*. mrr^ase the fre- 

consider the fact that Increasing distances mlg ^er's behavior 

quency of the observer's "reaction face even if the 
remained unchanged [16,35]. 

CONCLUSIONS: THE INTERACTION OF THE COWONENTS OF 

ORIENTATION IN SENDER AND RECEIVER 

We have reported the results of =“^--^°"/,,^r,“rrtera“«n 
on gaze behavior. We shall the sender and the re- 

of the main factors of the complex 
ceiver as far as our present knowledge jus 

Gaze Assessment by the Receiver 

The studies have sho™ that - “/^i^-f^.lhf^osri^^rr^L 
IS only possible if many factors are^^ section (eye position) 
of which we want to discuss now. f® distanc'es (up to two m.). 
is a determining factor only for ^ rather exact judgement 

The white sclera of the human ®y® ^ judgement of gaze direction 

on eye position at short distances. Head position 

IS influenced in a complex manner by horizontal varia- 

has hitherto been investigated "ai" ^ already influencing the per- 
tlons. It also is an 1'"?°'''='*"'' ^®jr 3 r;„ees, and it gams in Import- 
ception of gaze direction at near ,.r,_ee to four m. and more it 
ance with distance. For distances o position also plays 

is the mam factor. It is not great 

a role; an influence of body positi r^ovement were less effective 
distances is conceivable. Eye and bee ' n ~different, however, 

in our experiments; the results mig fol lowing the movement 

If the ex^posure times steady posit on^following_^ 

is shortened. On the other hand, these distinguish 

function as preparatory signals. In stimuli announcing a 

static stimuli with signal function and dynamic 


' To my knowledg' 
chimpanzees have 


1 „oWllas and, in some instances, 

; ^I^f LISa «^ould be interestlng_to Jind^ 


. .._.e a white sclera. It would ^ behavior 

out whether eye communication plays also be Interesting to 

than In those of other animals. It wou more marked in dark- 

know whether the signal function of ttie g 
skinned and dark-eyed human races. 
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change in orientation in the behavior of the sender. Scheflen makes 
a similar distinction between "points” or "markers" and "positions" 
in his descriptions of the interactive function of body postures [43]. 
However, there are no empirical results to sustain this interpreta- 


tion. The influence of facial 


expressions or gestures in gaze assess- 


ment is equally unknown. It can be assumed that looking behavior is 
accompanied and its recognition influenced by numerous expressive 
movements. For this, the greeting movements described by Eibl-Eibes- 
feldt are examples [21]. The influence of movements of this kind 
m g t possibly increase with the distance between sender and receiver. 
Similar considerations might apply to characteristics of speech. 

receiver are undoubtedly of 
to Their meaning has been proved as 

JavfLfrer r - rntraversion- other dimLsions 

delLrof atteir" if experiments should control what 
s:^Wnra:ri?r-,^:f:-«„^--ates. respectively, to the 

rise w 'iodbtrahout'‘thrreLltrof '’5' receiver give 

sender behavior by means of nf! ' experiments which assessed 

Impartial observed. Me cafno^ K ^""" receiver or an 

sender’s behavior oatc^me ..v l sure on which of the 

Host studies use "eye-contact” or'"l'''u actually based. 

In those cases m which th^ a face" as variables, 

tlon favorable, we can small and the spatial posi- 

tually assessed. In the othet* face" was ac- 

orientation of the sender rhar ”ss probably the general 

should understand the results ®®®®ssed. For this reason, we 
the more or less undefined one ^t^vestigations in terms of 

than in terms of looklne behavi'^ ^-ag behavior of the sender rather 
ing the concept of eye-contact Special problems arise concern- 
consequence of the results of rh become questionable as a 

There is no reason to assume thar on gaze assessment, 

reliably recognized. On the nth u "meeting of glances" is 

our experimental designs nermir and, it may be doubted whether 
eye-contact in natural situatlons°"\I!^^°"® significance of 

ther examinations of the sender beh i ^ ‘^°asideration requires fur- 


Sender-Behavior: 


Olstrxbutlou of larget-Polnte 


— ^■atgec-roints 

In the experiments on caza 

the sender looks in rapid succLSfT"'’ ^'‘^'’tding to the design, 
around the face of the received "“"y points in and 

between these gaze directions. V - reliably differentiate 

discrimination, however, if „e considerably better 

the sender looks either into the lZl "^1 life interactions 

different direction. Indeed, in r(»ai ? receiver or in an entire 

look Just past the ear of the nartna*- **^®^eetion we probably do not 

What is missing are exact 
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studies on the distribution o£ the sender's gaze in real life situa- 
tions. On the other hand, larger sweeps of the gaze will, in most 
cases, be accompanied by head movements, which may serve as signa . 
Furthermore, one of our experiments showed that gaze movements are 
regularly accompanied by eye-blinks: the bigger t ® 
the more frequently they are accompanied by an ^ye-bllnk [ 17 ] . Thl 
orobably physiologically caused behavior might too serve as an an 
no" signal. Only "further exact studies on sender behavior can 
fully clarify these processes. 

Coordination of Orienting Movements 

Among the available investigations, the experimental ones do not 
offer^:?lifi:nt behavior ^ "porLfstud^^^ion 

re:drand-::dr;o:Lr:s‘‘::d®:;vements, but only xn a 0 ai p „m 

our ovm obseVations, however, we conclude that looking 
part of a total system of orienting reactions, ^his is no^new tin 
It IS a commonly available experience well kno™ "As 

quote Jung, under Che heading 'gaze movemen , reactions, the 

has been pointed out in Che <>^=0085100 of je voluntary gaze 

isolation of the optomotoric is an muscles of the eye. Neck 

movements are almost never restricted .nnarvation. Eye movements 

and body muscles are involved - -“^^^^^“^^.““"Oements of the 
and nystagmus are but sections of gene 
total motoric" [ 32 ] . 

As far as we know, details of Che Specifically, 

body in active motor "cmg special coordinations of 

nothing IS known about possible existi g P 

orienting movements in social inte t connected in so- 

sume, however, that gaze movements Pither to look markedly 

cial interactions. Since we generally gaze move- 

at our partner or 'markedly not to f “^.^"trof afleast the 

meets are practically always accomp loclcmg at Che partner or 

head when interrupting longer , movements of the gaze are 

looking away from him. Vertical do eye-lids and. In 

probably always accompanied by a ^vemencs are accompanied 

most cases, of the head as well* vp 
by a lifting of the head. 

The correspondence of Sender and Receiver Behavior 

oer and receiver behavior^ 
What relationship exists between sen (jj^ffering according to 
As we have seen, the sender acts as a w * behavior, widely 

special situational conditions. cture are integrated into one 

different components of movement an po u-ii) reacts according to 
pattern. The receiver (and the ^ i. yg have studied. His re- 
special conditions, distance being __-nents of the sender's vi- 

actions are made to a single or several component 
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sual orientation. On the one hand, the integration of the sender's 
orienting movements and, on the other hand, the receiver's tendency 
to evaluate perceived orienting movements of all kinds in terms of 
visual orientation enable both partners to make do with one communi- 
cation system for different distance conditions. 


For an explanation of the genesis of the receiver's reaction we 
have to consider the following assumptions: In early childhood, eyes 
and the ocular region have the function of releasers. This results In 
a very marked attention to this component of orientation in the further 
development. The disproportionately high subjective certainty in the 
ju gement o gaze direction might also originate from the innate basis 
for this reaction. Since visual orientation serves important func- 
lilT. if attention to it is positively reinforced in the 

made it reinforcement might have 

infriLtioii connection of all orient- 

fact known frn ^ normally connected in sender behavior. The 

drtJonid:™s^irf“r;rth“rSmp“L!'^““'" 

The Significance of Orienting Movements 

the gaze‘ ^n lnLra«ion’“''Se°?ew'iT°r“‘'® movements. Including 
the receiver and those on k'v i"''estigations on the behavior of 
regulative functions. Studies rt^^thaf ShSSe“ 

partners during commum interactions of Che 
the adequate assessment of orienting movements, 

end the achievement of communicative communication 

Inforcement may be induced Pui-Jb ® these effects, re- 
movements reflect affective eee . essume that orienting 

ready indicate the readmeec - ^^^des toward the partner and thus al- 
luteracticu. tS assessL^t «b 11 as during 

estimate of the success of a r® "“"Brents might facilitate an 

this assumption Is not suonorteH a communicative acts. However, 
of the orienting movements m n ^4 neither the coordination 

ment is known. question nor the modus of their assess- 


The present state of resP^T-r-k 4 

matic for the whole area of inr^v °*^ienting behavior is sympto- 

enough studies to recognize an behaviors. There are just 

remain as yet unsolved. TheoriP« nearly all single question 

nterest in problems of human bpha^^^ unconnected and vague. As the 
gress may be expected for the steadily increases, faster pro- 

to include the pathology of intp»-a«** ^'^*^nre research also will have 
y eld especially important results behaviors which may possibly 



ORIENTING BEHAVIOR IN HUMAN INTERACTION 


235 


Ahrens, R.: Beitrag zur Entwlcklung 

kennens. Z. Exp. Angew. Psychol. , 2:412-454, 1954. 

Ambrose, J.A.: The development of the smiling response xn early 
Infancy. In Foss, B.M., ed., Determxnants of Infant Be- 
havior. Methuen, London, 1961. 

p The S miling and Related Responses in Early Human 

5Sancv: An fvnerl mental and Theoretical Study of The jX 
Cause and Significance . London, Ph.D. Thesis, 1960. 
Argyle, M. : The f svchology of Interpersonal Behavl ^. Pelican, 
London, 1967. 

and Dean, J.: Eye contact, distance and affiliation. 
Sociometry, 28:289-304, 1965. __ ^ .... ..-u,- 1 -« 

. LalljiS, M. and Cook, M.: The f 
on interaction in a dyad. Hum. Rel _^, . , ' 

and Kendon, A.: The experimental 

performance. In Berkowitz, L., ed. , vance . — 
mental Social Psychology , Vol. 3. Academic Pres , 

„ . nhserver or Observed? AJRevers^ 

Persnective I n Person Perception, ' 

stltute of Experimental Psychology, -^tra- 

. -engelmann.^d.C.:_^~^^^^^^ 

0. Buhler, 

, im ersten Lebens,ahr.^^|._^._ 107. 50^61. ^1928.^^^ 

aSd-f^ychologischrstudlen uber das erste 

.. castell, ", 

Pergamon Press, Oxford, 1970. noctures: 

13. Chance, M.R.I.: An Interpretation of HL^^re" lySkL 

the role of "cut-off" acts and postures. 

Soc. London, 8:71-89, 1962, Amer. 

14. Cline, M. G.i The ' p erception of where a person is looking. 

J. Psychol. , 80:41-50, "aneenehmste Ent- 

15. Cranach, H.v. . J-nz. Objekte. Psyc;^ 

- per 

stimulus components and . MPI fur 

ceptlon of gaze direction. (Mimeographed). 

Psychiatric, Munchen, 1969. elnlge Bedlng- 

Schmid. R. and Vogel. «•«• ; Bllckv^endung . 

ungen des Zusammenhanges von Eldschlag 
Psvchol. Forsch. . 33:68-78. 1969. 



236 


M VON CRANACH 


18. 

19. 

20 , 
21 . 

22 . 

23. 

24. 

25. 

26. 


and Hucksted, B.t Der Einfluss der Blickbewegung 

auf das Erkennen von Blickrichtungen. To be published. 
Day, M.E.: An eye movement phenomenon relating to attention, 

thought and anxiety. Percept. Motor Skills. 19:443-446. 
1964. 

Duke, J.D,: Lateral eye movement behavior. J. Gen. Psychol.. 
78:189-195, 1968. 

Zur Ethologle des menschlichen Grussver- 
haltens. 1. Beobachtungen an Balinesen, Papuas und 
Samoanern. Z. Tierpsvchol. . 25:727-744, 1968. 

, _* Grundriss der vergleichenden Verhaltens- 
forschung . Piper-Verlag, Munchen, 1967. 

Ellgring, J,H.« Die Beurteilung des Bllckes auf Punkte innerhalb 
- , Gesichts. Munchen, 1969. To be published. 

ine, , .. Explorations in the process of person perception: 
visual interaction in relation to competition, sex and 
need for affiliation. J. Personality . 31:1-20, 1963. 

___ • — Winters, L.C.: Interpersonal preference and 

the mutual glance. Technical Report to the Office of 

Naval Research, 13* 1964. 

: Affective phenomena and the mutual glance: Effects 

1 ^''“ social reinforcLent: upon 

i with an interviewer. Teohnlcal Re- 

Office of U aval Researoh . 11:1964. 

7 —’ ^yccut, J., Brannon, c. and Guwpert, P.! Visual 

interaction in relation to machlavellisn and an unethl- 
Gibson. (A^^tract). 

lookino K^k ^®rception of another person's 

Hunt, s.: Jllrr,-. . . lerBslsPA. 1963. 

Hutt. c. and 0°nsLdt c •" "'‘'"■’’llahed. 

naze wVfh „ tlological significance of the 

irtile Ltf “i" reference to the syndrome of In- 
and Va.zey, Tj 

on social behavior ”’^“®rential effects of group density 
Jung. R.: Neuroohvsl„r u 209:1371-1372, 1966. 

graphie ’'««=““hungsmethodei: Nystagmo- 

, InnLesJJe^^ f HS!!i!™clLi£r 

Die Ri3^;„ dis Sa,',.l 

sicht, Ann At. auf das menschliche Ge- 

Rendon. A.: = 

tion. Acta PsvrW„i ^L‘‘“'‘='=ron in social interac- 
Kruger, K. and Dii T 

(Mimeographed) MPT f ®®^rteilung von Blickrichtungen. 

Larger, D.: Infonnationstheort^'' >t^nchen. 1968. 

GottTngen, 1962. _und Ps ychologie . Hogrefe, 

Leyhausen, P, ; Bioloel 

Forsch. ■ 31:113-227 Eindruck. Psychol. 



ORIENTING BEHAVIOR IN HUMAN INTERACTION 


237 


38. Lorenz, K.: Betrachcungen uber das Erkennen der arteigenen 

Triebhandlungen bei Vogeln (1932). Der Kumpan in der 
Umwelt des Vogels (1935), Translated in: Lorenz, K. ; 
Studies in Animal and Human Behavior . Harvard Univer- 
sity Press, Cambridge, 1970. 

39. Nachshon, I. and Wapner, S.: Effect of eye contact and physiog- 

nomy on perceived location of other person. J. Per- 
sonality Soc. Psychol. , 7:82-89, 1967. 

40. Nielsen, G,: Studies in Self -Confrontation . Munksgaard, Copen- 

hagen, 1962. 

41. Ploog, D. : Verhaltensforschung und Psychiatrie. In Gruhle, H.W. 

et al, , eds. , Psychiatric der Cegenvart . Springer- 
Verlag, Berlin, 1964. 

42. Riemer, N,: Abnormalities of the gaze — a classification. 

Psychiat. Quart. . 29:659-672, 1955. 

43. Scheflen, A.E.: The significance of posture in communication 

systems. Psychiatry , 27:316-321, 1964, 

44. Schleidt, W.M.j Die historlsche Entwicklung der Begriffe "Ange- 

borenes auslosendes Schema” und "Angeborener Auslose- 
mechanlsmus" in der Ethologie. 2. Tierpsychol. , 
19:697-722, 1962. 

; Wirkungen ausserer Faktoren auf das Verhalten. 
Fortschr. Zool. , 16:1964. 

46. Simrael, G,: Sozlologie: Untersuchungen uber die Formen der Ver- 

gesellschaf tung . Duncker, Berlin, 1923. 

47. Spitz, R. and Wolf, K.M. : The smiling response: a contribution 

to the ontogenesis of social relations. Genet. Psychol,. 
Monogr. . 34:57-125, 1946. 

48. Tinbergen, N.: Comparative study of the behavior of gulls 

(Laridae): A progress report. Behaviour . 15:1-70, 1959. 

49. T9ebb, W.W. et al. : Eye movements as a paradigm of approach and 

avoidance behavior. Percept. Motor Skills , 16:341-347, 
1963. 



Transculiural Patterns of 
Ritualized Contact Behavior 

Irenaeus Eibl Eibesfeldf 


also with'^aTumbpr*^^f fellow man, not only with speech but 

belonrto L ^"^hL these signals 
13 a point of controversy learned 

haps for a fc» reflexes of tn that, except per- 

patterns in man [14]. A slmiLt^i”™’ Innate behavior 

nhile Birdwhiatell apeoiftSllf emtr was expressed by Montagu [21], 
facial expressions atd gesCutts l^m 1”''®’^^“'’ 

are found transculturallv [4 51 that therefore differences 

point, although in his QuhiiJlo!4 “^'^“h^stell is very firm about this 
he only makes statements. concerning cross-cultural evidence 

are Inbot^ettStLttt-nottMtL^trm? 

and his opinion has since been wJh ? transculturally, 

the question whether genetlcSlv^^''^^ accepted [3,13]. If we examine 
found in hman social behavior f pJ^ogrammed motor patterns can be 
must be aware of the theoren 1^°°* cthological point of view, we 
answer [8], practical Importance of the 

ethologists mearby°the tera””r’’'^°°v’ ^ briefly define »hat 

discussions sec 8,20). If Inherited". (For detailed 

find that the animal performs a ®3tve a newly hatched duckling , we 
can walk, sift mud with its hpnl*'™ well-coordinated acts. It 

monstrate these innate skllir^I ’’"r" “h =wlm. It will de- 

mother. And, vice versa, a cbmir*^ ^ brooded by a chicken foster- 
dabble in rhe mud, even if its fn ► never show an inclination to 
fore assume that the animals ® We must there- 

terns; or more precisely, they devpl^“~ adaptive behavior pat- 

oped the neuronal structures 
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underlying and coordinating the movements, according to a develop- 
mental recipe coded in the genome o£ the species, Just as their organs 
developed. Thus we say in shorthand description that the behavior 
patterns are inborn . Many of the Inborn behavior patterns mature n 
the growing animal after birth, as can be demonstrated by isolation 
(deprivatiL) experiments. Some birds (Juntos, white-headed grosbeaks) 
develop their species-specific songs and call notes in 
tlon from conspeciflcs [18,19], and chicks did so even a Senri- 

deafened immediately after hatching [17] . The argument that the depri 
vatlon experiment la not conclusive, since one can never deprive an 
animal of all environmental stimuli and thus of all learning p 
blllties, does not hold. It is simply not necessary “ ® 

tally. We only need to deprive the animal of relevant in 
and relevant here concerns the environmental situa on earlier 

behavior pattern in question 1201. This becomes c ea 
example of the bird Lng. May I add another: 

burying them in the ground with a stereotyped ground with 

They scratch a hole, deposit the nut, tamp it hole 

rapid blows of the snout and finally pack 1 °°®^ easily 

with sweeping and pressing-doxm movements of t e paw . ^ 

deprive the animal of the necessary .4 1 shavings to 

wire mesh cage with no conspeciflcs and wlthou ^hprefore neither 

practice digging and on a liquid diet only, ^ich a 

learn by imitation nor by trial and . all these movements, 

squirrel is tested as an adult, no opportunity to dig. 

even when given a nut in a room which 4 . nut, tamp it 

It will scratch in one corner of the pigments of covering the 

down with the snout and finally perform the -.arfh f?! The motor 

hole with soil, although it has never dug functlon’during phy- 

patterns therefore must have been adapted 
logeny: they are inborn,* 

Of course, one cannot perform O^P’^^-tion experiments «th hj^e- 
There are, however, deprivation exper^en ® P both and, 

can be evaluated. Some children are bom 1 ^ started my in- 

therefore, lack certain developmental * j blind. Film ana- 

yestigation with the study of children born e 

lysis of their behavior shows that a num e . children. The deaf- 
develop along the same lines as they do in healt^^^^ „,,„ance of 
blind develop smiling, laughing (“tluding stamping of feet, 

sound) , crying and the expression of ange ( Illustrate 

elenchlng of fists). Frames taken evidence it is 

some of these motor patterns (Figure 6). 

y^sldes innate motor patterns, there are °thar^Phyl^| capable of re- 
ions determining the behavior adequate (adaptive) way, 

ttiug to specific stimuli in a biologic to this function 

vhlch demands special mechanisms which are te, fitted with 

(Innate Releasing Mechanisms). Animals are, turtn 

specific motivating mechanisms, and their cap 7 however, deals ' 
sente! through phylogenetic adaptations. This pap 
with motor patterns . 
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clear that some basic motor patterns, serving human contact, are un- 
doubtedly innate. One could advance the hypothesis that they have 
been learned accidentally by touching the mother's face and by getting 
social rewards. However, such a hypothesis can be disregarded in the 
case of brain damaged children who cannot be taught, in spite of all 
efforts, to hold as much as a spoon, but who do laugh and smile and 
cry. 


However, the information which we can get from the deaf and blind 
IS limited. Many behavior patterns of man are released by auditory or 
visual cues under normal circumstances, and these channels are blocked 
in the deaf and blind. Thus, if ue want to learn whether our more 
complicated behavior patterns contain innate components, we must turn 
to trans-cultural comparisons. Since nan tends to vary strongly and 
to alter his behavior, forming snail exclusive groups which are sepa- 
rated by customs, the occurrence of identical or highly similar behav- 
ior patterns in different cultures would point to a common heritage. 


ne might think that it should be fairly easy to answer the ques- 
in motor patterns, since nan is the 
larpp cr. ^ 4 . appears that one need only go to the nearest 

l l £lta-library and ask for unscaead docunentatlon of. 

und« nS.r Papuans, Sanonns, Bantus, Europeans, etc., 

renar^tf « scrutlnlL th^se fllns 

chives however invariables. Upon examining ar- 

tural behavior le aoon realizes that unstaged docunentation of na- 
nantarvlitorare ayaia=atieally. Many docu- 

hut building, etc., are ^or^aS^^u^at^rdici^L^^d:"'’^' 

mentation of hman'^prS slon’m' ^ =y=aenatic docu- 

we were able to record tho h • With the use of mirror lenses 

aware of it [101 Thic ®havior of our subjects without their being 
well known that Humana; ^ Prerequisite to our endeavor, for it is 
lize that they are beinz fii^ behavior Immediately when they rea- 

camera is tend to become people who do not know what a 

The activities which one ^ points at them, 

context or brought aboll^ nnc a document can be taken in the natural 
ance, however, that a detailed entally. It Is of the utmost import- 
what the person did before and with each shot, stating 

context the filmed behavior o ^ filmed and in what 

motivational analysis. We allows an objective 

in slow motion. We found also ‘ii™ facial expressions and gestures 
uable for documenting events of speeding-up technique Is val- 

actions in small groups etc such as social inter- 

of the world* demonstrate clUrlv taw various parts 

^ variables independent of culture 

* Uganda, Kenya, Tanzania, various 

Ball, New Guinea, Japan, Hongkong, Brazir^Per”*^^^^^’ India, Thailand, 




eyebrows remained maximally 
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KEY 

Figures 1-5 are greetings with eyebrow flash, Figure 6 shows differ- 
ent facial expressions of a girl bom deaf and blind. The photo- 
graphs are copies from 16 mm. motion pictures taken at 48 frames 
per second. Figures 1 and 2 are by H. Hass, Figures 3-6 are by 
I. Eibl-Eibesfeldt. 
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in human greeting and expression behavior. Greeting, as is well knovm, 
has an appeasing function. It serves to overcome the aggressive bar- 
riers between individuals and helps to form a bond by buffering aggres- 
sion within social groups. Many culture— dependent rites are Involved, 
most of which, in principle, also show analogies to other cultures and 
to the greeting rituals in animals [9J. Besides these functional ana- 
logies, the examination of the greeting patterns in men of different 
cultures also reveals a number of homologous patterns. This is true, 
specifically, in distance greeting. Unless there is hostility, a 
greeting will take place when two people have approached each other 
closely enough to recognize each other's facial expressions, or, being 
already close, establish visual contact for the first time. The greet- 
ing pattern consists of a smile, followed by a rapid raising of the 
yebrows, which stay raised for approximately one sixth of a second. 
Finally, there is a nodding of the head, with the smile continuing 
Samoa ^ filmed this complete pattern in Europe, Bali, 

chance to observed it, without the 

often able t-n i * Africa, Japan, Hongkong and Peru [9]. We were 

ing at the nerso while filming by accidentally look- 

ing at the person we filmed and smiling faintly at him. 

origirof^thirLrhr°"^® IS certainly innate [1,2,11,12,16]. The 
with a behavior which^nt^ unknown. Some authors connect the smile 
are shown. This because the teeth 

teeth are exposed in a smil^a^fJ argument. The way 

in fury, in the latter ^^ffers from the way teeth are exposed 

Furthermore, a number of ® corners of the mouth are drawn open, 

gesture, derived from erro« expose their teeth with a friendly 

the teeth with a gesture rb^r^ macaques and some lemurs expose 

ing grooming movements in tL grinning, when perform- 

sponse having a similar or i • The possibility of our smiling re- 
ponent is certainly presenr^JH considered. An aggressive corn- 

one of the mobbing teaci-ior. e ^ughing. The sound utterances remind 
8 reactions of a number of primates. 

The eyebrow-flash is 

greeting signal, it follows^^b^ fast, but nonetheless conspicuous, 
the most friendly intentions t ®™^Ting and is always a signal of 
friends this way, and we obs' culture we greet our close 

terestingly enough, we are ne^b ^ flirting girls and men. In- 
that we quite regularly resnond that we signal this way nor 

follows as a reflex, and this m cycflashing; the exchange 

so far, escaped the attention of^rb^ signal has, 

of It « sa„ rt agaln and again we became aware 

friendly approval. In Samoa it culture, also as a gesture of 

Japan It is considered as indecent ** ' ■yes", whereas in 

is known about the origin of thl therefore suppressed. Nothing 

brows as a gesture of surprise often raise the eye- 

latter case, the eyebrows remain ra^"'^ or negative. In the 

threat stare Is added, constitutlno ^ longer period and a 

‘S e expression of indignation. 
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A similar movement can be observed in some macaques 
surprise Is expressed by the combination of eyebrow 
and the eyebrow-flash as a friendly signal (’’happy 
well have derived from this. 


. A friendly 
raising and smile, 
to see you”) may 


The nodding which follows the smiling or the eyebrow-flash, and 
which sometimes occurs by itself, is a widespread gesture of approval. 
One can consider it as a ritualized gesture of submission [15], 

As part of my presentation 1 will show you a film demonstrating 
distance-greeting of people of different cultures. The conformity 
o the patterns is evident. We discovered similar cross-cultural 
agreements in flirting behavior, gestures of approval and refusal as 
well as in the maternal behavior. These, together with the studies 
o the deaf and blind, make it evident that phylogenetic adaptation 
controls our social behavior in definable ways. Of course, we need 
more information about human behavior, and we continue our research 
along these lines. We are specially interested in the documentation 
of the behavior of the so-called primitives. Cultures, which are 
still so remote as to be untouched by the influence of the civiliza- 
tion, are most important for our studies; they are, alas, disappear- 
ing at a shocking rate. Although this is well known, concentrated 
efforts to documents their natural behavior are so far lacking. We 
hope to stimulate an interest in this endeavor in our colleagues in 
the different disciplines. We intend, specifically, to build up an 
ethologlcal Film Encyclopedia of Man, where films on human behavior 
can be archived and published. 
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ABSIMCT. During a steii/ of in the vay in which space 

that behmioT of blacks . ^ evident in the black neigh- 

borhoods, and l^^tantonal boun^nn re^^a^ apparently much more 
boundaries. Wvthin the bl<Mk ^ g_j, what the whites call 

visiting back and forth and much P virtually meaningless 

"trespassing". Indeed, the ^ g^aup concern rather than 

to our black subfects whose IZlnities block clubs 

a private or personal ^ social organisation with 

are apparently an urban l^^ns for raising the young 

a well defined territorial aantext, p adults. In the 

and social controls that “I® ? aroups that were extraordinari- 

blaak oormunity we found, stable son g sould not withstand 

ly effective and cohesive. that accompany urban renew- 

the assaults of dislocation and relocMim tnata^ the Ugh rise 
al. To our knowledge they have . paternalism and bureaucra- 

publia housing projects as^weT^as io foster dependence, 

cy combine to destroy i-nttiatvve a 

• j. i-n he desicfned in terns of black culture^ 

If housrng yroQeats . -^^-7 onoial* and terr^torval 

they should he congruent for blacks should be planned 

realities of that culture. Public Uusiry ia^,^^^ overall distances 
to organize and not disrupt scale should be avoided, for 

should be held to a minimum and massive culture that is anti- 

there is something about the intiMocy of black cuivu 


from the National Instl- 

* This project wa¥ made P°=®^^^®i^^/blersupported by the Council 
tubes of Mental Health and h ^ ^ern University, 
for Intersocletal Studies at Northwes 
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thet^cal to large anonymous masses. In addztzon^ there should be 
funattons for the group to perform^ dVleys to be pctoed^ yards to be 
kept up, lots to be cleaned up, houses to decorate, children to cor- 
rect and be involved with. Otherwise group cohesiveness does not 
emerge In the absence of group support and involvement of the type 
indicated, marginal individuals seem to lead extraordinarily frag- 
mented, precarious lives in which the territorial alternatives may 
not include even venturing across the street. In their present form, 
high rise apartments enhance fragmentation of social relationships 
and, therefore, they can be said to be dysfunctional for many blacks 
An added complication is the aftermath of the experience of being up- 
rooted and displaced by urban renewal plus the fact that the housing 
exception designed, built, and administered by a 
unions that are, for the most part, 

a brief report on the relationship of informal 
trasting cultures of the blacks and whites in the United States. 

include upner^inidd'le^^t°” referred to in this presentation does not 

eraUt^ti^ronrni ht^te 

the generalizatinne a i S^oup, it is not expected that 

plicibirfor eroeH be univLsally ap- 

pose of this paper to'^discuss'o'^*™' intention or pur- 

that was observed or to suscesrtrr''"'’ etiology of the behavior 

or less evolved or odvancef ^r^J^^Cl^S'ranrrier 

exist in the worirot ‘*>00 0>'ore does 

Imperialism whereby the memht* « Persistent, unconscious cultural 
another tend to try to eet orh^ given group will in one way or 

judge them accordingly. Ma only live their way, but to 

ing cultures on a hierarchic 1 ^" longer afford the luxury of valu- 
difficult task of reg^dinrti.r!'":/”?'-'' >'= must begin the more 
not until then and only then ca simply quite different. Because 
differences really mean so tha^"^■w^ with discovering what the 

made. ® appropriate adjustments can be 

In the past, whites m the Un^^ a 

spaces in which blacks live and have designed the urban 

to do so. The high rise apartmani- ®2fceptions, they continue 

structure, and when it needs to B reflect white family 

be adapted to indigenous cultural^ ^ other groups it should 
herently be treated in terms of Space or distance can in- 

position in a social system actlvl^°*^ inputs on the one hand, and 
Because space represents a kind of ^ affect on the other [8] . 
perceived, there is a tendency on currency and is often readily 

ists alike to oversimplify For part of the layman and special- 

example, a lot has been said and 
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condemn it just as buiuugxa. density turns into a 

seen almost solely In 8^ ^hri^ct Is that den- 

chlnera as soon as It is adequately considered 

-Stir s^^h^SsrLi^ ^ 

ritivig to^^^ 

need for screening of the SSlSuho live in 

buildings themselves as a communication to tne pe p 

them. 

Blacks living in public housing such ®;;/^=LgrHriton" 

ments in Taylor Homes in Chicago, re e , cement walls and stack- 

and accuse uhltes of filing blacks away ^^^rnd c^ent walls 
ing them up as though they were some sort of 

feelings toward the “rLotlons generated would seem, 

them damaging to the buildings. actual faults in design, 

at first, to be out of proportion to the actual la^^ environmental 

However, as is often ‘^^^^"^^"ioe^pltte^ns are disrupted with 
design decisions on another, behavior patterns 

apparently disastrous consequences. 

at first appear to be either me- 

Befects in high be Mlled'^common sense. Abrams, 

chanlcal or due to lack of what mig affairs frequently cautions 

one of the leaders In the field of “^an affairs, tr^^^^ 

his readers and audiences ' ® ^gt people complain about in ur- 

have prevented many of the mistake P simple. For example, 

ban design [1]. But ^ VM'’o:rweie’trLn1»uct a building sixteen 
common sense dictates that xf on . near the top, toilet fa- 

stories high and house playground so that children _ 

cilicies should then be placed ” However, when we checked with 

need not return to their own apar en . 

high rise occupants, our subjects provide a hiding 

public toilets at ground level because this woux p 
place for muggers and perverts. 

hieh rise? Untangling the 
Why the vociferous rejection , attention to unstated as- 
skeins of this particular ia) on both sides. The whites 

sumptions (a sort of contextual an y ^ taxpayer's dollars, 

see surface order in the buildings p . ^ white power structure 

The blacks see edifices designe an sense that something is ba- 

in which they do not participate and c y 

slcally wrong: the edifices ® ^ momLt the scars and sores of 

not sure of. If one can forget t 

. hiiilding has been erected in 

* Only one low cost high rise ®P®^^®"^ojj 5 nents are directed more to 
Chicago in the last few years. Chicago lesson, 

future planners, lest they forget the Chicag 
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past injustices and look at black social organization In contrast to 
white social organization and. In particular, how social controls are 
maintained and how children are raised and disciplined, some of the 
pieces of this particular jigsaw puzzle begin to fall into place. 

To comprehend what follows necessitates abandoning the notion that 
blacks have no culture of their own but a stripped down sub— standard 
version of the dominant white group. The culture of ethnicity is 
complicated because there are numerous regional, ethnic, and class 
differences, the details of which have been poorly documented even 
for the dominant group. 


As a rule, when people think of culture they think of technical 
culture (the part that people can talk about and describe) , and while 
It is true that much of the more obvious features of black culture 
ave e t er een imposed on them or borrowed by them, sometimes self- 
the'^str^^t^’ ^ deep, rich, highly regular informal substrate, 

Hhat Seneral level of awareness, 

social sc^PT 1 ^ about informal culture is that not only many 

tiei anriuJe themselves fall to see the regjlari- 

ties and rules governing informal behavior.* 

to that^oPthe^snokp culture to technical culture is similar 

ately! anv snokpS ^! language, or more approprl- 

ample, native apeakerrorArabr^ reduced to writing. For ex- 

Arabic, which is used for ^ ^ popularly believe that colloquial 
not properly a language' ®*'’^‘=ture and is 

thropologists, do Lt* think that Jh* people, including some an- 
gorized as infomal can be^rooLiJ category of behavior cate- 

this reason it is widelv culture [6,8]. For 

States IS virtually nonav-i black culture in the United 

havior on practically any Lvel’ha'^^'’ “E informal he- 

patterns, and regularity^ Th ^ consistently revealed orderliness, 
in the attitude of the ® logical inconsistency here 

paratism in time and space because it is known that se- 

in individuals as well as m ^ ” motion a series of subtle changes 
one can deny that the blaelcc analogous to genetic drift. No 

to find, and in fact does fmd^^ cen kept apart. One would expect 
ration, language (on the differences in social organi- 

[12]) and in the way in which well as the phonological level 

how masculinity and femininity ^ ^vision of the sexes functions— 
space, materials, and music ** expressed— m the handling of time, 

briefly described for its relev differences will be 

to black-white relations. urban renewal as well as 

- The terns "informal culture" and ", u 

cally defined in The SHene t technical culture" are techni- 

^SagMge and The Hidden n,menmnn [6,8]. 

** A more detailed report Is In n, 

P P 1= In preparation; also see [3J . 
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A basic social Institution peculiarly adapted to black culture 

^id^r ilfckifub:: :: sft fes^criSTorr 

Blfcf irs rn:t“ute^:fLp°oftant andlfel 
Side of the street. functioning properly, 

part of black community vacant lot, give parties, 

the community can be P pave alleys, 

take up a collection to buy a 3«P P grass, pre- 
bring pressure to bear to ® . delivery trucks off 

vent a landlord from overcrowd ng Christmas lighting programs, 

the street, cut down on noise, sponsor 

and even run ads In the press inv g -ressuring a landlord into 
mission to "see a real slum" as a^means f „„ ehe 

improving the lot of his ‘ . .f tlie block (after being 

block does not conform to the standards However, one of 

warned) , pressure will cl„bs mhy be to keep the young 

the most important functions of b , respect, black culture 

from getting out of hand. In this depend- 

and white culture differ radically. those controls that are 

mg as it does on usually the parents, to 

present, only permits the l™®^g®\;^a 5 ^^adilts , when they are in their 
correct a child, tike the Arabs, -onarently expected to play an 

own neighborhood, are ,./as „ell as disciplining chil- 

active role in encouraging good behavl ^ colleague, Profes- 

dren who do wrong. In discussing pattern of group responsibili- 

sor Donald Henderson, I “rappeirs, for instance, 

ty can extend to an entire . Mcymhan report*** were trace- 

that negative reactions by a Norrt European type model for 

able, at least xn part, to his us society. Given the folk in- 

the family which he faction, responsibility, and control 

stxtution just group of adults, the presence or 

over the young is shared by a larg ^ ^ nearly so crucial as 

absence of a single male in the house hands of one or two par- 

when all of the above is concentra e . informal communal en~ 

ents, as wrth whites. It xs suggested tha^the 

clave with a patriarch first devel P where it managed 

same organization was later trans erre ^ ^^3 even able to 

to renaxn viable on blocks with separate houses an 

, „ „fher natterns have emerged. In 

* Since our initial ^ews on the North Side of 

one instance, an integrated blue i hv a young black male. 

Chicago was Organised into a block club by a ybung 

** Ruth Moore, Chicago's urban fnrced'^a’ landlord to spend 

club on the South Side of ^er condition after he had 

$7000 to restore an apartment to rni, 4 .<otyr. Rnn-Times, July 13, 

begun to cut it up into smaller units [Chicago 

19661 . 

..1 . The Case for Nati onal Action . 

*** Moynihan, D.P. : T he Negro | rthrr U^^Mneton. ~17.C. 

Office of Policy Planning'"5Tfesea^, P 
U.S. Government Printing Office, 
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adapt to the row-houses and low rise apartments centered on a court 
or mews. But the high rise apartment, plus over-management, has so 
far proved to be too much for this institution of group responsibili- 
ty to cope with. The effect has been to engender feelings of dif- 
fused frustration and hopelessness — diffused because the people are 
not generally aware of the specifics of their difficulty and are un- 
able to formulate the real source of their trouble. In any case, if 
there is little or no group support or if the fabric of a community 
has been rent apart and destroyed by dislocation, social controls 
no longer function. 


There are those »ho »111 argue that white landlords would wel- 
come the block clubs because they upgrade Che neighborhood. This 
Is only partially true, for. as cited earlier, the block club works 
as hard to keep landlords in line as it does tenants. The club or- 
hecn Patriarch's role— is much more apt to 

htasSf 0 ,% "rath and is quite likely to find 

vulnerable ^ branded as a troublemaker. Given the highly 

had trcone “rsanizer, those that have not 

chances of sumvaj TL^whltl^^"' greater 

InE the nature a white conanunity is generally naive concern- 

on tSg^asrronta orgLization and leadership 

about block club or^ ^ general, considering how little is knom 

haJJJg beel; Lnsidef^r!^' ’ “ ‘hat. instead of 

the black community thev'^have h^ arability and resourcefulness in 
landlords who ran afoul i'*? viewed and treated as threats to 

ty. Thata la no comparabL'J:^ Jith^tf^^lt^e!^®’^''' 

rent study suggests^three^ai^ ^aatured in social control. The cur- 
havior Is likely to chanco geographic control in which be- 

the house where, under ideal^ moves from zone to zone: 1) within 
tain control over even vouno parents continue to main- 

the block which permits morp f 2) outside the house but within 

sponslbility for children* young adults but maintains re- 
but within the area where’one block or away from the block 

free. A crucial point is inclined, be much more 

clearly denarked, and that mT,*- are circumscribed and 

if it exists, passes from familv° individual’s behavior. 

Given this orderly progression ^ groups to territorial gangs.* 

from entirely different parts of what occurs when strangers 

anti-social, are jumbled together -i^ some of them manifestly 

nallstlc bureaucracy which provide. apartment by a pater- 

for the exercise of initiative ove* ^®®P°"®ihility or opportunity 
grounds or property and where soac*^ maintenance of either 

designed as to discourase if ® distance from the ground) is so 

■ =‘=‘«aliy prevent , group supervision 

« There has been independent corroboraMo c 

between blacks and whites bv Erinv-*..- ri?” territorial contrast 
y crickson [3] and Suttles [13]. 
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of children. Apparently the loss of block club organization is one 
of a number of factors contributing to the unbridled growth of youth 
ful gangs, which are also territorial in character. 

Whether the high rise apartment would function any differently 
if the people who occupied them were moved in, block by block, as 
complete units is impossible to tell. Group occupation has °=<^“rred 
spoLaneously in other countries, in Brazil for ex^ple, where several 
floors of apartments have been taken by large families of several 
households. 

It should be stressed that there is nothing ^ 

bad about high rise apartments nor Is there any 

crowdine or density [7,8]. For example in Hong Kong public housing 

that in the United states with apparen ly 
little or no deleterious effect on the ’-“''ahitants. The explanati n 
lies in the fact that not only are the Chinese “"f 
density, hut they are also Mshly diacipl^ed in 

and have a remarkably strong and stable ^ ^ «hxch we 

do not have the same kinds of problems wit ^ there does 

find even in our suburbs.*^ A most Important and 

seem to he a correlation between either 

successful adaptation to crowded effective social con- 

crowding beyond a certain “ has been one of internalization 

trols. The Northern European pattern pressure, 

of controls. Black institutions seem to 
centering around a single strong male, u 
which he can function. 

The renovation add^iioLl insights into 

ments in New York City has provided u 

* Some of our subjects ^^'j^^^te^ritorie^simply because 

fhfy r ^orLILn^d^^r^rd't^^rl^ Ukely to be robbed 

and beaten. 

« By European ’ “°"\y°"|/London''county''council for Greater 

the maximum density permitted by th fh-inVis nothing of densities 

London). The Hong Kong Housing J*'^^^Lnr^°iects running 

as high as 2,000 P-sons per acre in pub^c hous^^g^P^^l^^^ 

up to sixteen stories. Apartments 3 small kitchen and 

They have a combination living housing projects not found 

a balconz. An important ® ercrfloor iith school and 

in our own public housing is a nur y apartment complex. The 

recreation rooms built into advocated three zones- 200 per 

authors of the Council of London rl less in the outer 

acre in the center, 136 in the midd ® the city of London 

ring. The 200 persons per acre was tne m 

[10. p.30]. 
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nan's use of space. Position in the overall social hierarchy is an 
important factor in patterns about to be described. The evidence so 
far indicates that individuals occupying positions at or near the 
botton of the social scale live, function and move in extremely limited 
areas. One black family, picked at random in a New York renewal pro- 
ject, was disoriented by a move across the street. It should be noted 
that the center of the street Itself is likely to be a boundary in 
black urban culture. One of the women who was relocated with her fa- 
mily had known only her immediate neighbors on either side and some 
storekeepers at the end of the block. For her, the move across the 
street to a refurbished apartment was almost as extreme as if she had 
been moved from one side of the city to the other. Her low status in 
the overall system made her doubly vulnerable.* 


The refurbishing of older buildings provides confirmation of 
c ypothesis of the relationship between what I have termed 
tixed-feature space and organization of the family. According to 
10 v** ^^1 specialized function in European houses until the 

^ little privacy for families as we know 

rriftm specialized spaces for different activities; no dining 

haiiu aife Rooms opened into each other without 

Ji Introduction of corridorn and hallways and the 

snatlal rooms, it then became possible to define functions in 

Tt^ ® isiroom, dinine room , livine room. 

was'bullt on "hich ue still find in many slum areas 

hovcver, elther''by'aoSdenro7h^“”‘’'°'’ apartments, 

deslcn. are eaiHriLri because they reflect mld-20th century 

difference la^ ^ 4 ^ hallways. This apparently insignificant 

success of the Inhnh?^ ^^J^nces at least, a crucial element in the 
world. Occupants who u" ^ with an extraordinarily complex 

a re=;delener“lofoitrn railroad type apartment to 

habits, discipline and in noted improvements in study 

of n serious speech divider' ’'"^Inning of a remission 

ing provided by IndlvlduL room? difference was the screen- 

privacy. Our evidence at thin onto a hall which allowed 

ent with what Is known of the inf?' tentative, but it is consist- 
process by which human beings ®’^‘=''iretture on the entire 

and require screening or seLmt' interact with each other 

ently, nan seems to requlre'^both 11?^ times. Stated differ- 

tlon and those for orlvacv- spaces — those for interac- 

cycle {8], fcrent times of the daily and weekly 


* A check on the situational dialects nt w 

her inventory was extremely llnit h * c command indicated that 

complexity and richness raneine Situational dialects vary in 

a bus or buy a railroad ticket to ^h Is^iguage used when you take 
yers and college professors— thev physicians, law- 

position In a given soclnl system Lt “ 

master any given situational dialect i™ ? 

sldcr. “faiect immediately narks one as an out- 
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A.e, these vcen -.e no. venturesome and 
hesitated to enter what was « t>'‘=“ rtfgroup and 

terms of planning this means , ®che more mlnerahle 

the lower its position on adi^iSstrative decisions 

it becomes, with concomitant dependence on administrat 

expressed in architectural form.* 

The experience of Che are^more'^at^the mercy of struc- 

supports our view that marglna P discovered at the 

tural space than those who rank g J „_cant skills to be learned 
Center that one of the most basic an P ^lic transportation sys- 
by inner city blacks was how to ^e public 

tem. Mastery of bus and subway ^ college degrees, ponder 

proves difficult for old time ^aaidencs with coileg g 

lor a moment the f J^eTaf Inelper^erced in city ways, 

who are deeply territorial as well as me p 

, efT'iirfurcs of social eyants 

This report has focused spaces in which these events 

and their relationship to Che m definitive in any way , 

are to take place. It is not Sst^vt^m context over the 

but indicative of patterns as oj, mter-ethnic encounters, 

past five years in the course o provided us with 

On higher organizational levels, sipy planners and the 

excellent examples of how it is P°==^“e for c^ 

bureaucracies of urban renewal la® ^ different context, have 

ric of life [4,5]. Moynihan and Glazer, 

also described the ways in whic resistantly staying put in the 

respond to space by either moving or resistan 
neighborhoods of their childhoo s 


KEFEKENCES 


New York, 


Vnontier. Harper and Row 

1. Abrams, C.: The City is _the^rontler 

Childhood. Alfred A. Knopf, New York, 

2. Aries, P.: Centuries of Chixqn 

1962. 

rgi There Is eu execer” 

* This has also been suggested by Eawton^^ rather, support the 
bating circumstance chat ac""*® people— the marked terrltorlall- 

patterns of limited movement ° ^ In Chicago at least, by 

ty of the inner city which is £p to venture outside the 

yLthful "gangs" [131. It is simply not 
"area". 



256 


E T HAIL 


3. Erickson, F.D.: Discussion Behavior In the Black Ghetto and In 

White Suburbia* A Comparison of Language Style and In- 
quiry Style . Northwestern University, Evanston, Ph.D. 
Thes is . Unpublished . 

4. Fried, M.: Grieving for a lost hoiae. In Duhl, L.J., ed.. The 

Urban Condition . Basic Books, New York, 1963. 

Gleicher, P.* Some sources of residential satis- 
faction in an urban slum. J, Amer. Inst, Planners, 

27, 1961. 

6. Hall, E.T.: Silent Laneuaee . Doubleday and Company, Inc., 

New York, 1959. 

' adaptability to high density. Eklstics, 

20:119, 1965. 

— * The Hidde n Dimension . Doubleday and Company, Inc., 

New York, 1966. ^ ^ • 

9. Lawton, W*?** Ecology and aging. In Pastalan, L.A. and Carson, 

,H., eds.. Spatial Beh avior of Older Pe ople. The 
to Sbo?. llnivarslty Press, 

10. London County Council: London plan, first review. Administra- 

tive County of London Development Plan. Countv PlanninR 
|^._County council Publication No. «065. London,'^ 

11. Moynihan.^D P and Gltor, N.- Beyond the Melting Pot . The MIT 

12. Stewart W • Non Dniversity Press, Cambridge, 1963. 

13. Suttles, G.* The Washington, D.C., 1965. 



Discussion of Session IV: 
Orionfation and Communication 


PANEL 


W A Mason{Chairman), 1 Eibl Eibesfeldt, 
J M Fftch, E T Hall P Leyhausen, 

D Lowenthal 


Mason (Chaiman) : 

I would like to open the session with Fitch s cotments. 

Fvtdh : 

fiau architects or urban designers 
I regret that there are so specialists to 

the audience here today for, afte * world is entrusted, 

whom the oreanization of space in the ,s. all to 


cne auQience here today for, after a » world is entrusted. I 

whom the organization of space in matters is, all too 

have to confess that our this morning indicated, 

often, every bit as disastrous as of complicated situations 

We tend to intervene fearlessly in ironically, the greater our 

And It becomes increasingly clear t a , nations, the more hazar- 

expertise and the larger the sea e v,ave very simplistic ideas 

dous ^n^«T-vl»nr.lons seem to become. .-v.4c ^^Fnnrance 


.... and the larger the scale of very'simpUstic ideas 

our interventions seem to ences of this ignorance 

of how people behave in space. oaners we have heard have 

are all too evident. In this sense, a papers have had a 

relevance for architects and ^eing one of the most sug- 

more direct bearing on the subject 
ges tive . 

. that two of our colleagues who 

I have been interested to note of certain types 

spoke at some length about the ® t-ell us much about the envlron- 

of spatial organizations spaces during their obser- 

mental conditions which obtained In abstract terms seems to 

vations. This tendency to handle all of us. Yesterday 

ne to be a characteristic failing often tended to regard 

noming, Esser observed that happened. I share his nis- 

space as a kind of vacuum in which nothing napp 
givings. 
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But architects and planners have another kind of almost endemic 
conceptual weakness ~ that is, they tend to regard space as a purely 
visual construct. Intellectually, of course, they may know better; 
but the consequence of this basic attitude is that the environment 
is largely thought of from a visual point of view and its organiza- 
regarded as being largely a problem in visual 
aesthetics. All the other environmental attributes of architectural 
space thermal, sonic, olfactory, tactile, etc. - are insufficiently 
understood or attended to. The result Is a high degree of environ- 
mental malfunction In even some of our most prestigious new buildings. 

is a ve^! “'n the life sciences in our field 

are JX ® ^tvelopment. The psychologists, for example, 

buildi^era^d Mtr “'‘“Standing of the behavior of people in Lr 
so^ d^rlvaL™ i'd' e tule of perLptlon, sen- 

has obvious slgnlfLaL^for'^e”” •‘“man experience and development 
psychologists T j ^"'^ironmental designers. Yet even among 

environmental ’matrix in whic^th phenomena from the 

a lot of talk aboui\»^. i necessarily occur. Thus we hear 

bolic base on which all any mention of the meta- 

vlronment has “ satLfv'^tJrrjT tests. Clearly any en- 

fore there can be anv requirements of the animal be- 
ating paper on the bLLiar^of°vn^^ ® fascin- 

abXy in submarines - ov«:.r yanng men in enclosed spaces - presum- 
little or nothing about the, ^ of time. But the text contains 

tests were run - temperacurA*”'^J^°””'®"^®^ conditions under which the 
tlon levels, etc. - let al * h movement, odors, noise and illumina- 
by the manipulation of surK "ight have been modified 

the area of primary concert S’ercMtects 
As architects we ha 

physiologists - at’least with developed certain contacts with 

stress, psycho-optics, deal with thermal 

Che norms for architectural other areas which must furnish 

o obstacles; many of these an here we meet another set 

fields, even those Immedlatelv kittle about related 

little Interest In any ef fort tf own, and display 
lentlal whole. This tendency Xh ^"to one exper- 

englneers who operate on the'^narrnl'"’ "•■th the 

c ency. Though heating and economy and ef- 

to concepts of comfort and wellbei engineers pay lip service 

b.t u ‘s and cu. ft. pec ml"? ““T usually think in terms of 

occur in the vision 

of disparate and recondite assistL!!^^*^^' Confronted with this kind 
architect often falls between the small wonder that the 

his understanding of experiential rSuy'''*" ”*■“ '*= 

From this point of view a Svmn 

for it suggests the possibility of like this is very stimulating, 

rapolatlng from such fields as 
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fholoBv ecology and animal behavior certain guiding principles for 

rtrSrt:r:i’^aSiu4“rr^bLrg“^^^^^^^^^ 

rab-i rurruri5i:^a“"ir^^^^^ 

-Ibi- -rre f gle "at ral “a^^: 


Looenthat: 


There are so many delectable h'as^e^pha! 

where to begin. One kind biological inheritance is 

Sized interspecific similarities i ^ best example, 

dominant. The “j^fj^^ences among human beings and suggests 

emphasizes social and other difte ,.-<neiDal role in these differ- 

that cultural Inheritance has played a principal 

ences . 


tf v.«mfto<aneitv among human beings implies 
Thus a demonstration of a demonstration of differ- 

or suggests one kind o£ „ ^bese distinctions stand up 

ence seems to suggest another Kin . cnecific reference to reac- 

to analysis in depth*^ For example. Hall I kept thinking* Of 

tions to high-rise buildings ^ terrible for everyone , and 

course, he is quite right, .g generally recognized. But 

in England and in other PfectiiW the whole human race'' Or 

IS this a common characteristic nroner recognition as with 

ought It to be one which , when given ^ At a lower level of general- 
Hall, would affect the whole J®®® because they involve disloca- 

izatron, are P°°’' communxty, or because "urban re- 

tion of existing popula_ions in 
newal means urban removal'' 


,.»-.r"nlarity, are high-risers worse 
At a level of still Sweater particular^ y^^^ because of the ghetto 
for black people than for others afflicted, or because of ante- 

circumstances with which they have because of inherited 

cedent cultural characteristics, or, , * r.ulturally inherited, 

traits? And if culture can be „ith black communities else- 

how does one explain cultural resem sure that re- 

vjhere in the world’ And finally, „ reflect reality apart from 

spouses, such as those elicited by Hall, 
confrontation politics'^ 


. selves, in assessing reactions 
Me ought constantly to remin ^ are never simple, can 

to spatial arrangements, need to take into account 

never be perceived merely at face » 
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the nature of the group, its special historical circumstances, the 
context of the interviews or assessments themselves, the context of 
the day— to— day situations in which people face themselves, 

l^ason' 


I would like to ask Hall a question. I know that in your books 
you have drawn rather heavily on animal research on territorial be- 
havior and on the findings of the ethologists. I wonder if you would 
care to comment on the general question of the relevance of animal re- 
search to some of the more complex aspects of human behavior. Do you 
feel that it could or should be increased, or do you have any other 
comments to address to us on this question’ 

Hall 


™ ^ believe that the more we learn 

forgottei^basif? T there was ever a 

animal a bioloeirai’ ^ first, last, and always an 

recent* eiven thp f J^tSanism. His cultural phase is extraordinarily 

^ 

because we talk and writ® aK ^ ®^tting on top of Mt. Fujiyama. Just 
eluded in history does not commonly in- 

« tend to trea^if:; Sh^ ^S^e'p^t^:! 

logy solves eJeJ^th^r 'we lojk't ^ feeling that techno- 

Ing nature. The studv of technology when we should be study- 

to studying nan. the provides us with obvious shortcuts 

einpler. Animals simply do norconfon’T"^'’’ ettuatlons are 
more complicated to studv T l so much, men are much 

to most anthropoloeical learn more about man here, than by going 

Please keep the daL coming^^"^^* message to this audience is* 

Queat^or fron floor 

1 want to question Dr Hall 

evidence to indicate if in'th*. ^ whether or not there is any 

rations night be superseding thp^Cf or social organi- 

In terns of doing things together functional organization 

Vail. 


They nay be. But politics t 

organizational levels. At the ore works on much higher 

organized prinarily as a territor<*?”^ time it does not appear to be 
purely territorial it would work i thing, if politics were 

now when ideological, economic his/ different way than it does 
are paraaount. * scorlcal, and power considerations 
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Leyhausen (from the floor) : 

If I understood eorreetly, you said that, seemingly, there is 
no so-to-speak biological limit to density as such; once the indivl 
duals are adjusted to high densities, they get along fine. N™. I 
should like to ask you whether you think this teal y o o 
your observations, because I could well imagine that other f^^ors 
such as economic ones, are so conducive " 

in high density, ^"at these factors ove«ide^the^biological^l»it^^^^^ 

which may be there all the same. It do althouch they 

do not. in some way 

“:efSg^d''triifirin “o:S.%nd. arain, It 

very difficult to judge the effect this has on^the 
fntifeirdi£L"r::t°^uertlor:ith an entirely different answer. 

Ball: 

I agree heartily with stat^en^J^ Wd^not want^to |tvo^the^ 

impression that there is no biolopca subjected to a variety 

studies of the adrenal cortex in h^an ® ^ difficult to ob- 

of conditions. Data for these studies should not be^ai 

tain from autopsies. Man is « culture does addict people, 

ordinarily tough organism, but also .-assures, which is one of 

Man will subject himself to all sorts P . things, and is ano- 

the pitfalls of taking a strictly cultural view of things, 
ther reason why animal studies are so impo 

Question from floor: 

I would like to ask Eibesfel^ "''f |j®^^*arthe SpeSnce of 
to the human hand covering the yawn. cover the yawn in 

seeing the yawn as a primate threat. ,„ure than politeness’ 

any culture other than our own 1 interpreted as a threat’ 

Is It an attempt to disguise what might be interpr 
What happens in primate situations 

l^ibl-Etbesfe Idt : 

rtie hiding of the yawn is not 

As far as ethnologists report, mentions that Brazilian In- 

found in all cultures. Karl von Steiner mentions^th^ 

dlans yawned uninhibitedly in the n''®"tng , Therefore, one 

the others followed suit, and soon a . Ic is ansteokend, i.e., 

must not be so quick to consider it a these reasons: either 

infectious. It may be that we hide a y someone 

in order not to show that we are tire , ^ function of making people 

else tires us. But, yawning may , ^len you are in a small 

become sleepy together. It ““y “f “^hf sL-ftime. 
society, it is good to go to sleep 
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McBnde: 

I find the papers extremely interesting and informative. There 
is one point I would like to make, and I keep repeating: Behavior 
is organized in certain ways. I do not see it organized into units 
called genetic and units called non-genetic. Yesterday morning I 
escribed aggressiveness as being in units, behaviorally organized 
into interactions and into roles. 


I do not think there is any geneticist who doubts that behavior 
genetically , that there are some genetic components here, 
ctoc. °°te oubts about this in man than I have in any other spe- 
noroholnpv°t^ ^ would have about morphology. After all, 

vidf atILct ° “o “11= lhat move, orient, dl- 

Idc, attract, repel, and make different structures morphologically. 

haps I ahouiratL^wharrmearr*’"* ®°=1=1 

litter, one will see the ^ives birth to a 

how she is an enormous monsterJ™ "°l"l''8 the sow stands up. 

dred times larger than thev PJ^ed to the piglets, she is a hun- 

tituai, in which she is complicated 

these is Jo move tSj MeleJe”? “H time, ihe eifect of 

about one to one and a half stand at the side and huddle together 
then a piglet does not have ’’P”' 

towards her. At first oha v properly coded, and moves 

;t - one thinks she has swa??n^®a 8”^® 

lent shakes, and throws it h gives it half a dozen vlo- 

here is first expressed ajd tSen "Ij!" 8^“?- So, some behavior 
text in which it is exor^seJ Che appropriate con- 

into specific patterns. ' built into this context 

^ chink the stnile ic 

once did some experlmental^'wIJil' Intriguing piece of behavior. We 
to a context where a smile wap ^here we exposed Individuals 

smiled at, and 39 out of 40 “d In which they were 

smile responded Just as stroLlJ T '^''n <I« "Ot 

to a galvanic stimulus resnonL’^ ns the others; we had him connected 
very powerful tendency to there is obviously a 

But, when you put this <oi.« 

cechanlras. i Uved in Bristol context, there are control 

riding a public tronsno^r^^'^T last year, and for a 

reu sailes at everyone who * ^ always sat so I faced people, 

was not arrested, but most JJJ P*" =“'= opposite me" I 

u tt ""'“P In other 

5 gave a lurch, Chen I co„la ' ^ soon learned when It was. 

conductor, a typical English cllonj^'* 8®' “ =°IIn l>noh. If the bus- 
was bouncing around In the bus JLJ’ “J'*' “ 1°' nnnse of humor, 

I would nlwajs get It back, if 1 threw a smile, 

cry powerful tendency to respond 
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will find out what I mean. 

Mason : 

I think the issue is a very ™:/°:ha:ior!'irir:’ 

It is not the question to nieasure, and whether 

question of units, and what we a g behavior, or whether these 

there are such things as nature invent them all the time, 

are all human Inventions We know we do^inve 

and sometimes we are mistaken in dlaenostic; and sometimes 

very reliable, or very easy to t^at w; are going to 

we are lucky. 1 suspect that this is an 
be coming back to for a great many years 

Carson: 

Pirst, I have something to say concerning the work of Hall. It 
reminds me of a line from Edith Sitwell. 

"The hard and braying light 
ZebraM black and whitel 

I will leave you to interpret that your own way. 

Second, 1 find McBride sliPPi"8 business has 

son can question him slipping on. , because what we have 

always impressed me as being a P®® problem In basic vs. applied 

here is a total system. We have level. We get one 

research. All research is really JP r Unes with certain 
person looking at a set, ° jn Another person says: "That 

slopes, saying: "Look at those P ^e view our 

is trivial. Look at the little and looked at the entire 

problems. Perhaps if some better sense, 

set of graphs, we might begin 

McBride: 

I thought that is what I said. 

Mason: 

fron the audience? 

Do wc have any further comment from tn 

Question fron the floor: 

smile* what other similar 

Dr. Elbl-Elbesfeldt, y°“ /nvc us t^c j,^ovidvr.shruE or 

gestures, either sound or facia t vou mention them? 

handshake have you looked into, on 
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Etbl-Etbesfeldt 

ward 0^1., rn< ambivalent behavior of turning to- 

ward or turning away occurs crosa-culturally. Anger too Is ex- 

Jnr-vL" (stamping feet! frown)! Concern- 

E^fonr P are cultural differences to be found In 

"n!" So doT" " ? approval and shake their head when saying 

recently In Greerr I have film-clips, taken 

not quite correct * Greek ^ °a* however, that these statements are 

back and close their eyes "tad If they throw their heads 

their hands as we Germans *dn vehement they raise 

toss their head!! EUta! !b w", T w^tten<", and 

which Is originally one of s! shlng movement or the latter gesture, 
for "no" by cultural agreencnt’^"^Hr^“!‘‘^’ ® Sesture 

uses this "no" and another cultur!! 'hat one culture 

is a parallel for the "yes" n, no , I do not know. There 

in a friendly social cQnt#>v^ v f like us, use the eye-flash 

context, but In addition as a very friendly "yes", 

Q’lceHm fron floor 


How coraon Is the handshake’ 

^^bl-Eibcsfcldt 

The handshake appears (n Ate, 

hjndahake qul” s!!u" Papuans, for example. 

V “living chimpanzees also cn""!** gestures of assurance 
to let It be touched by !L otaef^rr °* “notching out the hand 
gesture of reassurance! but Tt ^'^ture Is a similar 

As you know Involves a measuring of the oppo- 
able with seme people. l„ prt’ J!!? ’’“ndshake can be very uncomfort- 
that sort trans-culturally aUta ^ "ontact greeting of 

pie grasp each other. ^^though with variations In the way peo- 

ff-.cotron /ro- tJo floor 

Chimpanzees display a n, j 

In Genesis.. •'“"H to thigh gesture, and that Is described 

E.bUS- bccfcldt 

'es, I have not looked f 

■ Ihls mss refer to Cod's bles.lug of J, w 

coh. Genesis, 32*25-32 {Editor] 



DISCUSSION OF SESSION IV 


265 


The kies IS quite interesting. Here is en instance “"Ich shows 
hew little one can rely on the literature. There y°“ £“'1 
kiss IS absent in Polynesians and Papuans, in Indonesians, and in 
nose-r^bbing. I did not visit all 

Ited Papuan tribes who still live in the Stone Age, also the Balinese, 

r. ^ ^ A Masai etc all of whod are nose-rubbing. I did 

Samoans, and the Masai, etc., aii mothers 

not see kissing in a sexual context. B , y 

handling their babies and other <=';"^->ren, you will find ttat^th^ 
eventually hug and kiss them. And you wi father will greet 

uals involving kissing in Papuans. For ,he CL 

his son after a long absence with a ^ass on the che k^ for 

rt.Tor-eLri:ri^rab-rc:,\%c "a ^ 

do It, and that it is a ritual derived from mutual feeling. 

Leyhausen (front the floor). 

I should like to say. in -^ards to the »o 
and refusal, that those are very old instinc jj^on to bad 

sent in all mammals. The head-up is orig smell, but also in- 

small; the other one. the head-shake, may involve^»ell. 

volves taste, it reacts to ^““’^^hing presumably present 

which has been touched. Since both p social and other ways 

in all mammals, it is, of course, PO^^^hle for^socialj 

of Titualization to select either one difficult about un- 

a standardised signal. There is "“hhing really difficult^^^ 
derstanding the fact that different cu , and if we look at 

ther one pattern or the other. Both thf oW Greeks 

It closely, we find that we also Instance, if we refuse 

called It, for a certain kind of ^ef nodern nan this gesture 

to speak to a person whom we do not Kn ’ , is different 

is therefore available, only its soci 
from the ordinary negation. 

BZaut (fzvn the floor) .* 

1 am moved to comment on events, jert^^^ ^g^^^ 

that we need some clarification of o snatial concepts of 

work that David Stea and I are doing wi segregate the cate- 

young children, we find that the ^ difference seems to 

gorles of spatial behavior, the less s 
be; there seems to be a continuum. 

, A pet reified, as though 

Ideas in territoriality recently ten ideas of 

territoriality were a different LosseLion of territory 

property applied to small objects; as -ogources in general. As a 
is entirely different from venrs we have been caught up 

geographer I know that in the past ,.0 -an in space, and the 

in a snarl, half of our field „j_Qnment. Recently, the 

other half to the study of man and his c 
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halves have found It very difflonlt to coamonloate, although It looks 

lust wonderr “I f thing. I am 

nLh°l™r"\ example: 

atapirc^ntrS oir P>>==il>ly ^ s-*hset of problems involving 

r«::j ^runui^dLtLc: h^rt^r^’^ ''“ tk'’L“'’e\^:biishing 

than this would be kind of non^= A distance less 

behavior, behavior with snail oblec^Q^ behavior, or kind of grasping 
Fitch's point that up hauo «- k ^ ^ merely want to reinforce 

behavior of animals and man 1 ° careful that, when we talk of 

are dealing with a totallv “t® "“t imagining that we 

imply that, at least, we Laroh'fn"'^ sphere of activity, which would 
some of the laws are almow T different laws. Possibly 

forms of behavior with small “hsccvatlons of other 

wiLii snail and near objects. 

t'asori: 


pcsslo^ aSjo:m"d."\^a^ryou 


comments I declare this 



Spac6 UsG and th© 
Social Community in 
Animals and Men 

Vero C. Wynne- Edwards 


Seven years ago I put forward the of^antaal numbers 

plays an essential part in the na u general outline of the 

171; some of you are I know familiar with the genera 

hypothesis. 


«pt, first is the demons tration^ 

It has two main foundations. e higher animals, espe- 

over a long period of are able to regulate their 

daily in the vertebrates and arthropoas, recruitment into 

own numbers. They do this either ^ and immigration, or by 

the population, which comes from emigration; or, still 

controlling the losses, due to ihe conclusion reached 

more often, by combining both these p to increase in numbers, 

by Darwin [1], that animals are always predation, disease, 

b« are held lu uheck by outside £«“= ^ot to be the whole 

Starvation and climatic factors, ^ of nost animal populations, 

story. It is true that, during ^ ® f Darwin's checks takes a heavy 

there come periods when one or ® ^ normally compensate for t, 

toll; but, when that happens, the ^hat way they can often 

most often by breeding at a * ions level. H design an 

quickly restore their numbers to t ® P mortality - 

experiment to exclude all external ^ completely Isolated 

say, all Darwin's checks - we ^ ceiling density, and then 

tory population almost always environment constant. In 

stays at that ceiling as long as we keep the en uncontrol- 

wild populations the same can . 

lable mortality is not abnormally hign. 


.e mortality is not tiuiw*-*-** — - 

is that animals dependent 
The second foundation of the JoLurces are animal or vegc- 

on natural food resources, whether crop of food, if the resource 

tabic, can get a bigger yield, a better crop 
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to f t-anaged In many situations over-exploitation leads 

to a progressive depletion of food resources. If herbivores over- 
graze their pastures or predators consume too many of their prey 

year. He have gained insight into the management of recurrent na- 

if the stock is t-n c limit the size of the annual crop 

order to^tent^^v^r-lx;!;,::^!^'^ regulations in 

same purpose.' TlirLsc-knom oral'' 2“' 
out the ground where the food if fff^d fufr 

owned by the consumers Th^r> “nd into a mosaic of territories 
is large enough, population P^’o^ided the average territory size 
which no harm can possibly be dSe^trfh'’'f '''d'’ ^ 

contrary, a theoretically Il ’'‘=a°orces : on the 

maximum sustainable vielH of c j ^rritorial system shares out the 
of consumers. among the largest possible number 

first the foundation 

cond the need to regulate food d “^®8ulation or homeostasis, and 

slderably over-simplified have been con- 

any My the essential prlncijlef thff ‘ff=“'fang in 

those to tL' SLh“L°Lf« oTlf' 

Ing then to effect of excludi winning of prop- 

iMtfaflf outcasts or individuals and forc- 

n '>■= ted '■“= iSlveu us an 11- 

or relieving pressure on’ f f’'0" they provide 

Another set of devices 

;r;=L~K"= 

With all these various hnr,- 

tine, the population can adjusf^r T ^”==05; given a 
Its density either upwards 
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or downwards with equal facility. 

The most interesting conclusion from 
the role of social behavior in populatron 
the observation that these devices are in th t^ 

What Is ultimately being held in check rnoerlv conserved, 

order to ensure that the food competition between the 

The right to feed is the ° the'^memhers are side- 

rival members of a population, b e„K«i-{tutes like territories 

tracked into competing only ^he food itself. They 

and personal status; they do not g 

contest for conventional rewards, , competitors; those that 

confer the right to feed on Sometimes the same competl- 

are unsuccessful forfeit their rig . 
tlon confers also Che right to breed, but in other 
is separately contested. 

Because the rewards sought are "^feeding and 

confer rights to the things Chat really Stags roar, 

breeding, the "“falcon Itself become cocks display their 

antelopes butt and wrestle, skylarks g !,rocess. The bitter- 
finery, but little or no blood is she sublimated and ritualized; 

ness of the struggle for existence ha successful with 

the outcome is still as vital as eve , losers to barrenness and 

the right to a full life, and condemning the losers 

often to premature death. 

My conclusion is that this transformatlon^f ^the^bitter^st^ggle 

for existence into a ritualized contes ♦ central character- 

contestants from both getting X , members of the group toge- 

istic of sociality. Social codes ^i, 4 „ rhrouch conventional com- 

ther; they regulate admission to ^ rules. Members that have 
petition, and they govern ^he compe habitat and its re- 

been admitted enjoy the privilege breed. Those that arc not 

sources, and in due season the ^ inner b iologic al func- 

adnltted are kept out. This 1 infer 
tlon of social life . 

u,> f-rarpd right down to the 

The rudiments of social jj. jg g typical feature 

prlnitive invertebrates and the Pro oz • j,gggively for roughly 
of the animal world and has been evo ^ --ogd animals it has reached 

a thousand million years. In the most sociality does not dc- 

the greatest complexity. I ““T jem od y^^^ gregarious or 

pend primarily on whether a partic nrcanlzations demand differ 

solitary in its habits. coactimes the individuals arc 

ent patterns of individual dispersion. ^ sonetlncs they are 

spaced out. singly or in pairs or ^ Lttems often change 

clumped into flocks, herds or I or the stage of the 

vlth the tine of day, the season of tnc y ’ gted they nay still 
life-cycle. Even when the individuals are oggreg 
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keep each other at arm's length, as in a school of fish or a flock 
of birds resting on the ground. Communication has to be maintained 
in a social group, by sight, sound, odor or some other signalling me- 
dium, but there is nothing inherently more social in a gregarious way 
of life than there is in a solitary one. Leyhausen has made this abun- 
dantly clear by his studies of the rich and varied social life of cats 


dal Ilf delusions about the competitive nature of so- 

dlvldud!’ typically social than a hierarchy of In- 

rank^and is i '""rU ‘c in which each holds an accepted 

irthrsii! TZ 2 *■" “1 penalties that go with it. 

erclude outcasts anrrepel''strangS^‘ 

numbe”of''ded::c"^'r:fb°:Ld:v''“u"= ^ ^ 

tribution here I do Tln^ ^ about the use of space. In my con- 

space by individuals or Jnore about the use of 

they compete such as territLi!^^ wanted property for which 

aspects have been discussed established sites. Many of these 

I want instead to consider contributions of previous speakers, 

level, and review the snar space at a higher organizational 

review the space requirements of societies as a whole. 

in controlling population^rowth^'^h'^f'’ that ara effective 

functional in all the ston<»-ao * they appear to have remained 
tines. They operated throuoh^m Peoples that survived into modern 
exaople, directly affect behavior and did not, for 

animals. Family llmltation^t,,!f“'^^Jy® Physiology as they do in many 
ferment of marriage, abstention hy rules concerning the de- 

rlods after childbirth, and bv ®exual intercourse for long pe- 

®J^®* These practices were ordained abortion and infanti- 

with the establishLnl?^^p^^ abandoned with the dawn of cl- 
o villages and towns. Uncontroli ^ settled agriculture and the rise 
y began only at that time. ^ growth of world population proba- 

Modem nan Is thus an 

having any established machl"^ J ^^Sher animals in not 

typical vertebrate species eaS J P°P“l<ttion homeostasis. In a 
curing its own future by preservlnr"^ Population Is engaged in se- 
tlon density on the one hL^a^ hdonce betSeen popula- 

way it prevents the habitat from b t"* PPP°''t'=co on the other; in this 
” ’’'*"5 Ploodered and despoiled. 

The local group is social! 

nearly always comes to contain Its social code 

geography. There nay be custonarv nl!'' Involving the local 

s eep, or arenas for communal assembling to retire 

breeding. There are often tradltlo^uj’r* ^PppIpI localities for 
of one socially-bonded group and thr„ ’’"'"''■‘cties between the ranges 

ext, across which the individual 
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must learn not to stray. There may equally be customs about the 
places where food Is to be sought at particular seasons. In northern 
Lotland, for Instance, the red deer feed in summer on the open tundra 
of the hills, leaving the browsing In the sheltered glens and woods 
for winter when snow and exposure drive them off the higher 8™“" ■ 
Different herds have different customary movement patterns, dependi g 
on details of the local terrain. 

Traditions have to be learnt by each new generation from its pre- 
decessor. Holding to them is part of the £°™ula for su^ival of the 
group Itself. They insure against misuse of the 

puts a big premiiam on making each local group perpe u , £ ^ 

Its own gloLd, sc that it will continue to reap the rewards of xts^ 
own good husbandry. Every locality is unique in i s p nrac- 

homeostatic principles have consequently to be worked 

tice on the actual ground. When this has been succe *-i,imshed tra- 
out, local practice can be handed down m the form of established tra 

ditlons. 

Tradition has evolved as a medium of infi- 

ing the detailed use of space, because it can e changes; It 

nite variety of local conditions, and adjuste impos- 

can be learnt by a newly arrived individual, 
slble for the far less flexible genetic system. 

In the long run there is an ^scalet^'and if this is 

similarly adapted, at least on a swamped by genetic 

to be achieved gene-pools must not be conti inheritance of tradi- 
interchange between widely distant groups. other m con- 

tions and the inheritance of genes thus rein that perpetu- 

forrlng a great advantage in the long run on the stock 
ates itself on its own ground, 

c j-hp importance assumed by 

What emerges from this discussion ^ terms) among animals; 

citizenship and nationality (to borrow h neighborhood 

they impel the individual to stay faith ^ nooulation homeostasis 

and breed within it. I am not suggesting oj. that it cannot 

requires that all should invariably act m thinks immediately 

be made effective in any other circumstances. regions where 

the need for colonists and pioneers, ehortlv. ^“t once a 

traditions do not exist; I shall refer to th^ adulteration 

local group has become self-perpetuating w , becomes much simpler 

from outsldp. Tnap1^^npr»7 for population c 


to 


maintain. 


One of the most marvelous of precise long-dls- 

found anywhere in the animal world is P , ^3 far as we know to 

^ance navigation. It has evolved in para » group that 

about an equal degree of infallibility,^ bats, seals, 

performs long two-way migrations; that s 
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i-hales, marine turtles, fish and, the evidence suggests, in a few in- 
sects as well. All I think have evolved their extraordinary powers 
as a condition of achieving the freedom to wander, they never need 
to sacrifice the advantages of permanent citizenship because they are 
There m social and reproductive group, 

of sucrinr" 1°"" advantage to be gained where mechLlsL 

f as™f le r aa-plexity have evolved - mechanisms which, it seems 

reasonable to expect in most if not all cases, require the angular po- 

wfi eLct preSsf" determined, Ind ti^ed 

Mon Ttof anri^r; " ‘f mto an automatic infoma- 

instructions for actiM.'''° brain which reads out conscious 

covered in the last lfyeaL‘'thIt h°”c- It has been dis- 

Europe and North America visit M,» Atlantic salmon from both 

in great numbers for the mirnos a°astal waters of West Greenland 
nllllons of these fish nm,. ^ feeding, l^hen the time comes, 
off on a journey to seek that themselves out, each setting 

which is its own, and finally .-k^ ^mong hundreds of far distant rivers 
streams. The mere need to thousands of tributary 

not a sufficient explanation habitat for spawning is 

long train of evolutionarv Ae., i ®ocomplishnent, nor for the 

Bory powers, and of m^oS^ development behind the perfection of sen- 
fish steers its way b«r powers a mature 

it grew up in, and left one to i-h^^ thousands of miles, to the place 
able to conclude that some r»A». yaars earlier. It seems reason- 

cause of the continuou; has been the 

tlonal performance to such a required to bring naviga- 

paper is that citizenship and nan* ^ point out in this 

parts, confer such an advantage! 

common to find tK 

n^h ^ compromise living organisms 

j. ^fgidly confined in values. Any species vhose 

lose «ounf their own imme— 

VI f” local conditions and " ®very time there was some minor 
end the species would die “I •’= able to regain it; in the 

a ’’ivdnce pioneers able and become extinct. Popula- 

cofrl r ""“WB whefJL Si-"d, and g^ln 

course to leave their local trSlr? ®idses. Pioneers have of 

a" Innate capah??r '*’i"'‘' '>= Buocessfnl they 

bandlne other paraphernalia mnstructlng new ones, 

banding and tagging of individuara’^J nodal life. Experimental 
Inl naw^n ®fniaily, jus^ ,3 adown us that in the 

nave ^da first tine that h ide young adults attaln- 

“aiv fai, fin= Bdelr hone nelghbortLS aHnngest tendency to 

clal or” generally stav ' i*iay become es’tablished 

dal group with Which they spend ’ °’'nnH>n<i into an alien so- 

rest of their lives. 
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Pioneers do not. of course, furabirhabftftr’ 

Many, and probably as a prevSusly established In- 

tend to be fully occupied alre y» «nrlal status. Much the same 

dividuals automatically have a super ^r longer- 

may apply to local recruits as » ctorks even the young ad- 

lived species, like fur-seals and European storks, even^^^ 

ults that do win a place in the ,/ ^ssion of one of the 

before they achieve the second step “ ^^8 so long 

traditional breeding sites. In ^ ^3 3 ^^ permanent; each year 

on the other hand the territoria p dean as it were, and 

after the breeding season the slate is ^3 

many new recruits succeed In finding an immediate place. 

Sometimes there is a clear ^^®hincClon pioneers 

take up permanent residence ^he r^n 3^3 simply 

that break clean away to try els • point of departure; but 

outcasts, forming an unwanted surp P igpatory locusts, 

there are a few species at pioneers as a specially 

which have evolved the practice of proaucing p 
equipped expeditionary force. 

Even among the sPay^h-homes there^are^marked di^eren 
the scale on which mixing takes pi handed in larger numbers 

IS clearly shown among birds, “ extremely sedentary, like 

than animals of any other class. succeed in becoming 

the red grouse; four out of five * - where they were reared as 

established at all, do so within a restricted; the population 

chicks [2, p.3231 . Other birds ^ p Aberdeen, and here there 
biology of the rook is also under s p„gp several hundred 

tends to be an interspersion of young adults over 

square miles . 

1 In different species in what 
This implies pot alter the general rule 

constitutes a local group; but it populations 

that the foundation stock stays c-*-®®® ground. Recruits that 

really do perpetuate themselves local traditions when 

emigrate into distant communities „,.4il luniors, subordinate to 

they get there. At that age they their Innate response is to 

the majority in the group they 
conform with custom as they find it. 

If panmixis on a global ^t^that adaptations would 

tion pressure against it, we shou . ^jj^vi^uals that move too far 
have arisen to discriminate agait^ ^hl5 has happened in man. 

from home. It seems likely enoug ^^ural communities it is still 
Customs change fast nowadays, but in regarded with suspicion 

not surprising to find that ®J’^®"®®^Li.borhood where every face is 
if not with open hostility. In a . _^jfied. He may m addition 
known the newcomer is immediately i ^ dressed 

reveal whether he comes from near or 
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and by his speech. In times gone by the wearing of distinctive local 
traditional clothing and ornaments was very general, for example In 

of^Eurnne Indians, in the small feudal states 

of Europe (not forgetting the clans of Scotland), and in the Innumer- 

S dlsH . t ^ intensely developed ability 

tores- aTJn^ Individual faces we are quick to detect foreign fea- 
^onr^oncLlLo^ h V? nationality was sometimes imprinted be- 

tricer tato^ tr'' ’’“‘h =“=="== ''Ith “Ibnl cica- 

trices, tatoo patterns or conspicuous mutilations. 

The ntrangL'rdlalLtViirsW^that^r'’ long-settled peoples, 

does not prevent him from a '’® ®" outsider, even If It 

order of a thousand years morl WUhln periods of the 

dialects to grow into laneua^.*. easily possible for 

It becomes then more dif acn!r?ora >nutually Intelligible, 

when he has to cone wi ^ 5 newcomer to establish himself 
language is the most distinct^v/f The development of spoken 

parent that, under natural ’"an, and it is most ap- 

llferate. selection, languages have tended to pro- 


tne progress of clvlli2flr4«- u 

ancient spatial structure of i changes to the 

or three centuries ago it une e populations of mankind. Two 

even In the countrlL S !! 1 ®== fl“ld than it Is 

There was a strong tendency to Jl Europe and North America, 
although in the more progressive ”Ithln one's native community, 
tendency toward exogamy due to there has always been a greater 

patlons took them far afield u numbers of men whose oocu- 

and sailors. There are still ‘i^ders, craftsmen, soldiers 

In Scotland, where distinctive England, and still more 

k A -Joneses. Hot ver. i aarnames greatly outnumber the 

“°To than a hi^d average young country- 

“ '"at. (lendeliau InterSanee ™ II'”"- 

any species of warm-blooded vertebrates'^ stale Is quite usual 


SMC species must depend populations of the 

ricrs tend to Interfere wU^ U geographical bar- 

Jr"? 'ylOonee too that geL-?? IsolatloL There Is 

is not Isoklng again at ^ faster in some species than 

to detect arLait western Europe, It 

and °aJor raclaJ IlPltal physical dlffeLnces 

fcattir sTtanean people or between "S between Scandinavians 

foe °"t “"oerSrL physical 

cuch n ^1°^ those of another 'distinguishing members of 

much more relloble, especlaliy ^ Ihs other hand, la 

our languages and dialects, iLa n^H “"‘lor the term culture 

°"t - all the th!l'“r°”'‘' arts and techniques , 

society. Uc can take culture L that characterize a 

conprlae our whole tradition, all 
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that »e leam in childhood 

ly acquired hy other members o£ our culture S gonial cul- 

to the uext generation in the »lsdom of our rlper^y^^^^^^ 

ture in Europe and elsewhere ^ y it. Gene-flow can 

Ized than the genetic constltu th J beneath the firmer cul- 

percolate quite rapidly in the civilize a£ life. 

tural crust, which tends to preseme Inheritance of tradi- 

All this helps to emphasize once th t th 1 

tlons and the Inheritance of genes are mutua y P 

parate. 

Individuals coming into a l“‘=al ^rOT °“tside, ^i^^ 

young and adaptable, are dispose to acc p equally 

and within a generation may be t^Pj-Ot ly^^ system fairly early 

characteristic to get the wanderl j one's choice, 

in adult life and settle do™ PO™ 0 "ontly in the ^ 

In fact we readily become clannish about our own 
placent about its attractions. 

The important condition for -t-tatrn^ --mer^ iLfaSsrny 

should arrive singly or in small gr " wholesale invasion and 

examples of a completely different Pt° transplanted as well, 

conquest, where not only genes but c ...--egt whether this second 
There is no good evidence whether supersedence of one 

process is confined to human beings, could occur in other ani- 

Bocial system by another more vigorou 
mals as well. 

^ho first to emphasize the mosaic or cellu- 
1 am not by any means the first to 

lar structure of populations, and expounded by the distinguished 

lution. A generation ago it was z t ealled his group theory 

Scottish anatomist. Sir Arthur l^®tt chat right down to the 

of the evolution of man [3, A], is formed a mosaic of home 

dawn of civilization the habit^le eUccai and that such a 

areas each belonging to an isolat rhanae. He knew, and it has 

grouping had favored rapid evolution y non-human primates show 

since been fully confirmed, that ^ already been in ex- 

the same mosaic pattern. to spread. "The area 

istence when man’s immediate ances o older successful groups 

of distribution", he wrote, Z connnunlties. The slze^ 

giving off broods which formed new g P of its territory, 

of a local group depended on the original mosaic form a lo- 

in primitve peoples which still re .,ai_ _ men, women and children, 
cal group varies from 50 to 150 I siall speak of (he 

Such local, interbreeding, c^petitive gr p original teams which 

says) as ’evolutionary units ; "^QMUESe^fot survival." "Ear from 
were involved in the intergroup struggi groups. It 

speech tending to break down the "ur eneech changes quickly when 

had an opposite effect, for we knw_that sp 
primitive peoples become separate . 
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^ In the later stages of human evolution the tendency has, he said, 
always been towards the production of larger and more powerful evolu- 
tionary units;" but his own conclusion was that evolutionary change 
proceeds fastest when the competing units are small and of great num- 
ber, His enquiries left him in no doubt that every one of the units, 
whether a local community, a tribe or a nation, "inhabited and claimed 
the sole o^ership of a demarcated tract of country; all were bound to 
^ ^ Strong affection; and life was willingly sacrificed 
n a n its integrity." He "came to regard the territorial sense - 
- one charged with a deep emotion 

torv " evnlution. Every such terri- 

tory, he wrote, 'served as an evolutionary cradle" [4, pp.3-51. 

have orofonnHlv^^f theme. From the earliest times, cultures 
theL'^ S^rhaL that practiced 

back their adherents ° h" progress, some have held 

cnUu^l ^r^ftlcef Lie ignorance. Pastoral and agri- 

and la moL LLr^ tL'? a" tantiag aad gathering, 

the agrarian ones Pen i industrialized cultures have dominated 
this remliL L aLl^if L!”" PP^ture for another and 

genetic inheritance: peoole independence of cultural and 

capable of adopting anv Le nf ®i"8le genetic stock. In fact, are 
Ptlng any one of a number of different cultures. 

rather than an iLtiidLl ® tribal 

animals for that natter »•« takes a group of people, or 

play the same role within it- ^ t ^ society, and they do not all 
structure represented in fha,* YPically it takes account of the age- 
ties prescribe conspicuously diff!r®''^ members. Human tribal socie- 
in the prime of life, and the roles for the young, the adults 

Perhaps to avoid confusion ak 8eneration, rich in experience, 

each of us undergoes a ohv.?n!f a person belongs, 
from juvenile to adult and aL “''“"’rphosls at puberty when we change 
when our hair turns grey and between the second and third stages 

oenbers of all three age claesco races the men go bald. It takes 

pable of exploiting its culrii»- ? ®ake up a human society fully ca- 
yarjing abilities and character We need also people of 

o their skills, as scientist*? * who can specialize according 

people uho will do what thev * artisans or administrators, 

people who can tell us what 

I want to make it clear thar 

fY” right; and especially organic entity in 

Bulshing it from other conspLlJi^ own traditions, dlstln- 

Is to promote the welfare and biological function 

ts culture is the property of the stock that comprises it. 

tage of all individuals regardless ® whole, the common heri— 

or the genetic variance that exi«?r«° parts they have to play in it 

evolution any major change in them. At the tribal stage of 

a practice involves the whole 
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tribe; they either adopt the innovation or they hive o££ into sepa- 
rate groups each adhering to its own way of lite. 

Accepting the fact that at any stage of evolution not all ‘he 

cultures Lund are “Ll'Iie’.oL sicLssri ones 

cultures are subject to nature t-e of the fact that they are 

survive and spread. This happens ^ P orimarily by tradition and 
transmitted from generation to E®"® fitness between one culture 

not by gene ^^^^tura^^oup as a whole, and ignores the 

-ist among the individuals that 

comprise each group. 

There is no difficulty in “"df " a sl 
selection can proceed together at frequency of 

lection between individuals which wi ^ second level of selec- 

genes in the gene-pool, and ® Warily m their traditions 

tion between culture groups, ^ gene-pools. It is 

and only secondarily in inheritance of the variance at the 

the independence in Che methods of “/„aditional at the 

two levels, genetic at the this special 

culture level, that enables JLultaneously. 

case that two selective processes can exi 

In more primitive times, ™°”®^”l"^a™gLups and the spread 
interchange of members between conversion from old ways to 

of cultural changes by “gj been usual among human peoples 

new, was far more restricted chan traditions are known to us, 

within the span of history. Some ® daces by certain colonial 
relating the use of particular breeoingp thousand years and more, 
birds and seals for example, whic g sufficiently slow to 

Gene flow between neighboring stoc develop within time periods 

allow observable genetic differences .. therefore it may have 

of that order of magnitude. In ^-ted and tradition-trans- 

been more nearly possible for gene- each other than it has been 

mitted inheritance to keep in step wi last hundred centuries 

in man, especially if we are thinking of the last 
of our swift-moving cultural evolut on. 

j A using ’culture’ and 'social 

I have as you will have not ce terms. Culture is strictly 
system’ as interchangeable, social systems of animals 

appropriate only to mankind, culture or social system 

provide an exact homologue. A par hackEround, because it depends 

does presuppose an appropriate capabilities and limi- 

on the innate physical, mental an There is always an in- 

tations of the individuals that there is always also an 

nate component of social behavior, ju primitive animals the in- 

acquired and traditional one. In t e learned component smaller 

uate component tends to get larger and the 
than in man. 
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One of the most essential social responses is a willingness to 
comply with the social system and its conventions; above all not to 
seek self-advantage at the expense of the group. Altruism in some 

extends far down the scale in the animal kingdom as an 
ingredient of social behavior; population homeostasis is scarcely pos- 
be largely or even entirely gene- 

vcrtehiar'*’ always automatic and Involuntary. Among 

^th =yetem responds to sLial pres- 

be Inhibited f ^hat It Is common for particular individuals to 

troi or tf bhe interests of population con- 

to the capacity of thrhabUa^^'"“Thiri°°‘'^“l identified as surplus 
a suDorpciQ-ion if This is an innate form of altruism, 

havloral altruisms alsrexlsr''fore^°' fhe welfare of the stock. Be- 
feeding of yuunrbor°n^?o"«be; p" £-d-sharing, or in the 

can on traditionIl°cultllres*’^buc gene-pools as it 

perpetuating local eroun-? ' J^^^e has to be a system of self- 
in the elimination of P*^ovide the raw material. It results 

In the evolution of social others continue to survive, 

those that fail to control r.nln discriminate against 

nent too strongly or else ation density and either curb recruit- 

Is plundered and destroyed 8row so great that the habitat 

numerous they are individual i local groups are small and 

not threaten the survival of group selection need 

tine. Automatically it utn over vast areas at any one 

dividual advantage whenever suppress selection for in- 

undermlne the fitness of tends in the long run to 

vide genetic safeguards for ®®n select to pro- 

agalnst short-term selfish protect the group 

"Ind for instance an Increas^if Individual; I hLe in 

or increasing its life-span, individual's reproductive rate 

Man is unique in the 

choice between taking a seSlsro^ '=>'=rclses a conscious 

bbe pattern of versatlUr.' ! 5“bllc-splrlted action. It is 
is such an important characterise ^^^eedom to make decisions which 
to social advanta! f species. It allows man to 
un own ludffmp instance by permitting the In- 
in turns out”i- majority and come 

autnnnn ^oelng the line in the h..h° the society as a whole. 

oiten completely so* and < is always far more 

gress can only proceed by the Lamen circumstances social pro- 
group selection. i>»mensely slew and cumbrous process of 

Mankind abandoned the anr* 

ago. as part Tf Si achieving population 

population is tending more and mn developing civilization, 

group, plundering resources on a become a single exploding 

scale. The future of our cl- 
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vilization has got to rely now entirely on our own decision 
- on finding the means of preventing group selection from taking its 
predictable course. 

There are evolutionists who still deny the possibility of group 
selection. They believe it is possible to explain the evolution o 
all adaptations by the single process of selecting ™ ® 

Individuals. I hope I have made my view clear, that the social gr p 
Is an organic entity with properties of Its own, properties ^ 
could not be vested In separate and “dependent individuals. I m 
thinking of the existence within it of hierarchies of 
of the customs that dictate the collective behavior and social inter 
relationships of Its members, and secure its collective g ■ 
have attempted to show that groups with such f 

dally In the higher vertebrates and arthropods. If th y ^ 

groups within the geographical area of a single spec selection 

Lr L they must In survival potential, nothing can 
from occurring between them. The view sometimes 

is no mechanism by which group selection cou a e P ecologists 
particulate structure of self-perpetuating . 33 that 

have shown to exist. Even in such a difficu evidence be- 
ef the plankton, drifting along in ocean > f ® ^^^^e^leLt 

gins to show that some of the crustacean spec ® 
into broad area groups, morphologically dist ng 

It is because group selection depends so 
of space use that I have ventured to intro uce . ^ the 

It hL I believe played a leading part in “tacd«s! but 

development of social organization and human Important 

of physiological and genetic mechanisms as well, “ prove 

property of being able to select P^^^J^^t^tadLs tL? the 

their worth in the long term, g become completely dls- 

genes of any one individual and .giect for traditions which are 

parsed within the co^on “ and have a large non- 

the equal property of every ® selected for through 

genetic component of ”\ttions Ukewlse outlast the span 

the fitness of the individual, Tradl stock as a whole, 

of individual life, and influence the n^ntlorLs been to 

But perhaps the most valuable ®the'^sabotage of short-term 

find means of protecting the stock against the saootag 

individual advantage. 
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Spatial Parameters in 
Naturalistic Social Research 


Robert Sommer 


■ Ma„-euvi~t relations is such a 
has to choose his audience as well “ ,*ich has meant 

years, I have had three tL ffr;t1o:talned vari- 

writing three different kinds have been far more 

ous social scientists. Interestingly, S ^ologists who 

receptive to studies of spatial ^«^*f^“%*“,''?ran'^physical spaces, 
tend to think In terms of psychologic the'^standpolnt of 

Anthropologists were interested in th rhance the world, I also 

non-ve"rbal%oa»unlcation Because want wlk the 

aimed at architects, landscape people managers such as hospi- 

design of the physical environment, school principals and 

tal administrators, ^“““”®tly responUble for the furnishing, 

air terminal managers who are enaces. It is note- 

allocation, and utilization of whom I have never tried 

worthy that animal biologists and ec g , indebted for my 

to reach directly, are the people Co wnom i. 
theoretical orientation and concepts. 

Two processes that have uL'^tf^mSrit clear that, 

tion behavior and territoriality, t research, there is no im- 

when I use the term "territoriality n rather than learned 

plication that the behavior describe humans are similar 

or that the underlying mechanisms in s - . Hediger, I used 
to those in studies with other rendered distinctive 

the term to represent an area which j,„ is defended by the 

by its owner in a particular way * ® definition are personali- 
owner." (7) The major components or tni 
zation and defense . 

Both domlnance-subordlnstlon behaviors and territoriality limit 
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proprietors aod r.anagers-selected head chairs more juld have 

been expected by chance. In electing a foreman, it appeared that the 
jurors looked at both occupants of the head ahairs an ae ec 
or^ith the higher status. It was also found that people in the 
head chair Pa-icipated^in ^e^discussion ™re^than^peopIe^at 

nil mSe’tL most significant contributions to the deliberations. 

I have been Interested in individual f 
to the personalities of the question of cultural 

and the external situation. I have Q n«iv a beginning 

differences in individual distance to Hall ( 6 ) ^^ly^a Hegi^ing 

has been made in studies of the way pers stand further 

spacing. It seems clear now that beweerpeople 

away from other people than do may do will also 

or anxiety on the part of one about others at a 

tend to keep them apart. A perceive s ^ further away from 
distance also. Kleck found that ^0^^^ sami person 

someone who is described as an epileptic PHan from tne 
when he was described as simply another s u 

p Hifforent task sets also has an 
The functional requirements activity show that people 

effect on spacing. Studies of '““P® materials, but when they 

sit slde-by-slde to PP®Hle them to h another. They re- 

are competing, they like to sit act jj^ectly across from one 

port that the eye contact, when they s engaged in separate 

another, helps to stimulate ao^®P^ sit’in^soL catty-comer arrange- 
tasks— coacting as it were--tend to minimal (ID. The sltua- 

ment where distraction from eye con ac effect on spacing, 

tion in which people find themselves aUo hasten 

When room density is high people w noise level also tends to 

others cannot come between them. A ~ understandable find- 

bring people together. There is t e inversely with room size, 
ing that conversational distance v nrobably back against 

In small rooms, people sit at some a. . chairs relatively close 

the walls, but in large rooms they move C 
together. 

Over Che last few years, wc LurKs). We 

vldual distance studies in colleg 1,-11 is a place where students 
chose this location, because a stu y occasional study date which 

try to avoid one another- -apart from . ^ model of Invasion and 

ve treated separately. Wc ®?_£„i the concepts developed In 

succession and found particularly P when the study hall 

bird spatial studies by Crook ( 2 ). , l^e first students 

first opened and observed it as I - „ table at an end chair. 

In the room arranged themselves next person sat down 

Wicn room density reached one tone cables made It easier for 

at the opposite comer of the ta c. densities. At snail 

the students to ignore one another 
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about the unpredictability of the system. People did not know 
whether they could obtain a camping spot until it was too late to 
go elsewhere. This led to a further solidification of territorial- 
ity with the introduction in California of a computerized reserva- 
tion system for camping places. A family writes several months in 
advance to reserve a spot in a particular park. With this system, 
there is less waste motion at the campgrounds and fewer possibilities 
of dispute as to who gets which spot and how long a family can stay, 
since this is programmed beforehand. The system works well when the 
number of applicants coincides with the number of available places, 
but, during the summer months and the holidays, it requires pro- 
cedures for selecting a chosen few. This brings forth dominance 
^nsi erations, which tend in the long run to become class oriented, 
^ose families who can plan their vacations six months in advance, 

^ necessary application forms and return them 

fee. will seeure the best pieces. In a free 
‘‘‘■''Ision of space becomes strongly Intertwined 
Sd?c«e dominance order. Not only does spaL allocation 

indicate status, it also reinforces it. 

way peo^rrn'£ace‘’t « the 

stLy. which 100 ^ 01 ^ 0 ^“ themselves. The first 

showed that the slde-bv slde^ ® hospital, 

the room ^ver^y 

us upon a quest to Ua~ w , '^5). This launched 

wanted to interact under naf arranged themselves when they 

in cafeterias and louneea a conditions, I have spent many hours 
they talked together it . people sat or stood when 

tables or small squ^e tabU^! “ rectangular 

comer when they Conversed Preferred to sit comer-to- 

contact but not so direct thr,«- somewhat deeper, they wanted eye 
esting that people rarelv i, ^ j could not escape. It was inter- 
studies made It ver^ HeL tw** directly at one another. Later 
direct gaze) was an important contact (but not a 

We then switched to an Pvr.*... people spaced themselves, 

people to enter a rcem “rdiseusf 

sat. Again we found a strone e topics, and we recorded how they 
rather than directly acrocc ®*^®nce for sitting comer-to-comer 

^ -cross or side-by-side (U). 

In groups with leaders, thp 

tion at a rectangular table and tended to select a head posi- 

that they could see him. Visual ^ people arranged themselves so 
important to others at the table leader seemed more 

finding was obtained by Strodtbeclr P“y®^cal proximity. A similar 
arrangements in experimental lurw Hook who recorded the seating 
court cases (16). The jurors' not actual 

and there was a striking trend for elect a foreman, 

head positions to be elected forema Person seated at one of the 
initial choice of seats was not rarifl* also found that the 

Cm. People of higher status— 
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. „r were asked to arrange them- 

Even though both titles produced ver^; different re- 
selves to gain privacy, the themselves as far as 

suits. Those students who wanted h y chair. Those 

possible from other people overahel^ng y almost unani- 

students who wanted to keep others f ^^„“t of these find- 

mously chose the middle table. an^eccount^^ 

ings to Fitch, his first question floating in space with no 

The diagrams had shown a table cables or even the walls were 

indication of where the door, “ther . ’ ^at someone attempt- 

located. one hypothesis that c^e to^mnd «s_^th^^^ 

ing an offensive display would b ^y^ heavily used by people 

seemed that the back of the to°“ ™ another set of diagrams 

in retreat. To these p b^^^ containing two rows of rec- 

was drawn, each one showing a instructions, in- 

tangular tables, aisles. JafenL conditions as well as high 

ren^rir:ere^rer::^hh1hrse diagrams. 

Hypothesis 1. 

tate ^ end (wallj chai^ — Thiriwpothesis was strongly 

er use of the center and aisle £ instructions, 767» of the 

supported by the data* With the re during the active defense 

students chose a wall chair coinpared to 38% duri g 

conditions. 

Hypothesis 2. Studen^ ^ 

while facing toward the do^ 'T . '^n' diti i o ns to sit with one's back 
show a general preference in a facine away from the door com- 

to the door— 607. of the total samp _ ^ significant trend in the 
pared to 407. facing it. active defenders faced the 

predicted direction, since 447. o Tt seems likely that the 

door compared to 367. of those Hoor is related to the situation 

preference for facing away from ® j not suggest that this 

being described as a library study hat i. 
trend would occur in other pub c 

for chairs toward the rear 

There was also a strong j. front. Further analy- 

of the room, only 217. selecte c -hairs was highest in the re- 
sis showed the occupancy of the , There was also a 

treat conditions under high room . , '^en they were paired with 
preference for smaller four-eba ^ vhich were placed against t c 

eight-chair tables and also for containing aisles on all 

walls when they were paired wit 
four sides. 

. difference whether the students 
overall. It did net meke dlfltren 

were told that room density was ' j^her conditions and had more 

density Interacted with with the ectlve defense 

Influence with the retreat In --Id that room density vou 
instructions. When students were t 
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high but they should try to sit far from other people, there was 
greater use of the rear half of the room, tables against the wall 
and chairs closest to the wall. It appears that the attribution of 
high room density Increases the amount of physical retreat by those 
people who want to retreat, but has little effect on those who want 
to employ active defense. 


hv “Iter the situation experimentally 

Lrea f T ■’* library. In one study, con- 

alonfwSh ““bjects were all female students sitting 

erthL sSe 1'’“" “"Pty chairs on 

rounded hv pmnhv other words, the subject was sur- 

ence for solitiid ^ which indicated something about her prefer- 

T^e secLriirl relatively easy. 

observed from a di« 5 f«Ti ^ control. Each control subject was 

five different aDDroacbe-j^^ invasion was attempted. There were 
side the subject other time^ -“sometimes Mrs. Russo would sit along 
these were viouko^rof ®tc. All of 

in the library, which unverbalized seating norms 

tance from thoU already^eaLd^ newcomer to sit a considerable dis- 
y seated, unless the room were crowded, 

produced ?he quickesrdepMtJSs °whurth® 

"ignifieant distance betwee7S^„^u ^ = “IIS’"! but still 

across from her or sittinff other invasion locations--sittlng 

condition of the subject uhrteo over--and the control 

also wide individual differenra**,^^^^ invaded. There were 

there was no single reaction ® ''®y the subjects reacted-- 

are defensive gestures, sich as 

of the head, averting one's ev^c^ ® hand up to the side 

arrier against the invader a shift- one's elbow out as a 

halfway in one's chair, or hunrb posture such as moving over 

-ve one-rch!" one's books, as 

these fail or are Ignored by the b**' invader. If 

OO, the subject eventually takes shifts position 

spac ng of birds m three wavs a-r ? Crook measured the 

aeveral birds a newcomer „iif .^aiXSi diotan£E or how far from 
d«!!= fbolonoe after adjustmentsTai/^^^^ distance or the resul- 
^P°bture or how far apart b“L f’' “'oorred, and distance after 
have left (2). when Mrs. Russo Jv"fw “bter intem edlate bl^dT 
i.e., maintained the arrival dis^I ^ **'* "'‘“'■r if the subject did, 
not permit the subjecTJnjhltS— “ “bout six Inches and did 
a preponderance of flight rea«ILs “"lovable settled distance. 
of direct verbal responses to thrL^T”''- IhSJ^s-a dearth 
students asked her to move over “"ly two of the 80 

view that "we treat space somewhat as support for Hall's 

but we don’t talk about it." (6) sex. it is there, 
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we have attempted these Ihe best vay 

too. It is paradoxical ^ut perhaps deliberately. I feel 

to fl,P^e^hes of good sinners that occurred-standlng 

apologetic about the breecti S standpoint of the 

and sitting too close to other Pe°P ' Lrious effect 

ethics of such research, ^ annoyance of the kind common to 

of our Invasions sequences was ^ a practical 

many social situations. l a so e ^ designed physical environ- 
payoff from this research in t each student a private 

ments that will facilitate privacy g brine people together, 

place of his own-or in f /^noc^rfugfl spare.’^rere Jterac- 
A library which is intended to be arrange people to 

tion is discouraged, requires knowledge of how to arr ng^ P J 

minimize unwanted contact. One arrangements to 

of preferred arrangement by comer seating would 

be avoided “ reading room than opposite or dis- 
be less satisfactory in a library nay know these prln- 

tant seating. An Emily Post or Amy , ^ codify them, but 

clples intuitively. subject them to empirical 

there Is need to make them explici ourselves being ar- 

test. To increasingly greater ext halls, airports, waiting 

ranged by impersonal environments i settings have been de- 

rooms, and lobbies. Many aspects cleaning with little 

signed for ease of maintenance an study of small group 

cognizance to their social standpoint of developing an 

ecology is important, not ° .-ves into account the con- 

adequate theory of human society practical standpoint 

text of social relationships, but --aces where human relatlon- 

cf designing and maintaining functional spaces wn 

ships can develop. 
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Ecological Aspects of 
Interpersonal Functioning 


Irwin Altman 


For several years, use to encompass the events 

"social penetration process , ® , j^gsolve social bonds with 

which take place as people develop f°/“uh cues cions as: What is 
others. We have addressed ourselves to . (erpersonal relationship? 
the behavioral course of developmen ^Qipeical accessibility and 

Bo the processes of self-disclosure, p developmental history? 

openness between people follow a sy g^gonal compatibility, and 

How do such factors as personality, the process? 

environmental pressures slow down or accelerate P 


)TUQeni.ax w-- 

. —et-K nf an interpersonal bond 

It is our hypothesis that ‘h® strangershlp to acquaintance- 

follows a systematic behavioral --fj^nal bonds. This historical 
ship to friendship to deep-seated gradually increasing and syste- 

development involves, loosely spea / r-espective personalities by 
oatic penetration toward the core o develops, there appears to be 

social actors. As a social expressions, head and body po- 

exchange, including eye contact, individuals also do not deal 

sltions, movements, gestures, etc. Their exchanges occur 

with one another in an environmental vacuu^^^^^^ envlron- 

wlthln a physical environment an social relationships. Environ- 
ment to cope with and structure t e an independent and de- 
ment within this framework is vlewe and serves as “ . 

pendent variable sense — it __ socially and physically ino a e 

mtnant of behavior; as when groups being so confined. And it s 

from the world for several days vs. not being ^ 
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medium of response and communication, as when socially Isolated group 
members exhibit systematic patterns of use of chairs, beds and areas 
in their environment. But this third level of exchange-use of en- 
vironmental props— IS not all that occurs in Interpersonal relatlon- 
S themselves from ties with others or 

aLther t “ situation and to one 

levels or '“P^rience at subjective covert 

evels or, in more formal terms, they evaluate their experiences 

cast uSlJlut ^’'P^‘='‘‘tlons about one anothL, and fore- 

cast likely future responses by themselves and others. 

envirotmLfand sublicr"* «sponse-verbal. non-verbal, use of the 
herent "system" Theref'^^ processes- occur simultaneously as a co- 
ent levels of exchange a^^u °“® should study these dlffer- 

equivalency of functioning across"^ complex behavior pattern, with 
mechanisms, etc. But as wp tnodes, complex feedback 

easily at hand, for everv «5TnAll well, this ideal is not 

own enormous conceptual^oiBni ^ problem comes to have its 

nologies and research tools-^all ^squircments for tech- 

do or think about evervthmo c.. ‘ makes it very difficult to 

matters led to a seri^ fraillties In these 

which emphasized the verbal a j social penetration process 

nomena, somewhat at the exn.n^f covert facets of the phe- 

completely to the neglect of cs»i^ ®^^ironmental prop behaviors and 
some progress m these laet.»r behaviors. But we have made 

aearch with you in support of th^t ?? T®’’ “ ''®" 

^ PP ot the following propositions: 

bers is simultaneous with and^™ environment by group mem- 

and reflects the scclatemotL^T interaction 

^ emotional or interpersonal status of the group. 

toping fashlon’’L“tLy*'sttlJe’'f]Sr^ environment in an active, adaptive, 
terpersonal functionings. Thus optimum levels of In- 

envlronment, but also "aet up^^itS^ ®''® "°® "affected by" the 

3. Active use of the ■» 

sonal relationships may be ®''® management of interper- 

the envir-;sS®f^ feaeti,^, pj^earranging 

gs or use of the environment in rGa*^ei*^^ tertain interaction set- 

developing events. 

in light of the extent 

ported elsewhere in this Symjosiur^r “®® ®P®®® •’f animals re- 

cated and analogous to well Propositions may appear 

functioning. But relatively little anbhuman modes of 

human use of the environment and even f®®toh has been conducted on the 
environment In the management of develops- ^®®“aed on use of the 
ships I will therefore review sevei-a?^ interpersonal relation- 
oratory which tap aspects of the the;L,“rl“!.®®®‘‘“®ted in our lab- 

c ted above and also discuss 
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c nfV T>i#i fTr« 5 t set of studies (two completed, 

some plans for new work. of socially Isolated situa- 

one in process) was done rn the cont^t of 

tlons, where parrs (nielr environment and social 

days with Irttle outside contact. L second set of studies 

tasks are Illustrated in ^^sures 1 and 2) The sec 
was of a more limited nature, being 

with specific aspects of the social penetration process. 

SOCIAL ISOLATION STUDIES 

interaction and use of space and the ri 9 13 14.15] . The 

pairs of men socially isolated compatible and incom- 

groups were organized to create j^g^j^cs: dominance, achleve- 

patlble pairs on four social need c series of control groups 

ment, affiliation and dogmatism. confined for meals or 

followed the same work schedule but incompatible iso- 

sleeping. As predicted, isolates in g ’af-n-Me on need dominance 

lates in particular, (especially ^"ose . emo- 

and need achievement), showed more j well as some ta- 

tional symptomatology and interpersona tasks. These data 

perlng off in performance effectiveness on tem^task^^__^^^^^^ 
also mesh quite nicely with behaviors physical environment, 

disclosure, social interaction ana use social penetration pro- 

Mutual self-disclosure, a verbal . ^gire administered at the 

cess, was measured by responses ^ ^ disclosed about the self 

end of isolation regarding how muc n^tle differences in opening up 
to one’s partner. The data „tiich illustrates the over- 

to others as a function of to the company of another 

riding effects of being totally restric partners than 

persol Isolates reported areas and, in some re- 
did controls, especially in intlma e achieved with a close 

spects, had a level of openness similar to an accelerated 

friend. Thus, the environmental mil ^ an independent 

social penetration process ana a of one Another, it is 

variable sense. With this f"J5”^®^/in“onpatible group members coped 
interesting to see how compatible . i interaction processes an 

with one another in terms of actua Here we come closer to the 

active use of their physical environment, 
thene of this presentation. 

Several facets of use of “nj’'°™''chalrs men sat In, 
atic observations were made of wh room they were locate . 

bed they used and In which corners ot cn reflect degree of ex- 

Index of "territorial behavior was do Simultaneous obser- 

clusive use of objects and areas rneethcr (talking, 

vatlon was made of how often non in wod oslccP * 

cards), alone (reading, -ompatlbllity were associated u 

indicated that different forms of 
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different modes of using the environment. Consider 
incompatible on need for dominance. Such groups consiste 
both Mgh on desire to control and dominate 

groups were composed such that one man br- 

other desired to be dominated. The characterlstrc 

ss?rir;an2i:g - JtiSi: 

ed in their exclusive use of chairs, beds and sides o£ table.^b 
still dealt with one another in a very another and ne- 

way. In many respects, they stormy and perhaps Inade- 

ver achieved a working consensus. q ^ different pattern was 

quately resolved adaptation and copi |* one man was 

shown by those incompatible on need a lacionships with others 

highly affillatlve and desirous o£ s groups gradually became 

and the other man was not so inclined. Jornlnance dyads, but they 

quite territorial, as did „as a "quiet" £orm o£ In- 

wlthdrew £rom one another socially, m .....r own places and having 
compatibility, with the members f fiL^hoLd little sub- 

little to do with one another. that they had achieved 

Jective stress and symptomatology, in liking or compatibility, 

some working consensus as a group, it n y isolation, to be viable 
at least one which permitted them cope^wl^^isol „„ 

and adapted to one another and to , -roups, who were In a 

comparable dl££erences occurred £or control groups, 
much less restricted environment. 

Thus, this study demonstrates ^{Jg^joral £unctlonlng, and as 

adjustment occurs at several levels environment, so- 

an Integrated set of behaviors Invo . states and overt behav- 

cial interaction, subjective socia - _ _ ^ow interpersonal relation- 

iors. Furthermore, the study T____gntal milieu such as isola- 

ships are not onlv affected_^ an en ^ «^^^vp^v used to manage 

tion. but also how the physical • 

social relationships in accord with int p 

„a to a note detailed analysis of the 
In the next study, we turned adaptation processes, and 

role of a socially isolated environme ---ogs a range of isolation 
examined interpersonal coping interested in the envlron- 

conditions. Thus, we became more active J ^ aspects of 

cent both as determinant and as factorial design — availability 

the environment were varied in a 2x x and degree of stlnula- 

of privacy, expected length of soc a vith two-nan sailor 

tion from the outside world. We “^aln assigned to groups, not 

teams, although this time men were "”^”J^^“|lblllty. Two degreea 
pre-selected on the basis of intcrpe nust admit this to be a 

of "privacy" were established (although we must 
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rather complex concept). Half the groups spent the complete eight- 
day isolation period living and working in the same room (no privacy); 
the other groups had a two-compartment chamber with each man living 
in a separate area (privacy). In the privacy arrangement the rooms 
were connected by a door which opened from either side,” so that men 
could spend as much or as little time together in either area as they 
desired. Stimulation and outside contact was also varied at two le- 
vels: a "stimulation" condition was created by having a mission con- 
trol center give verbal Instructions for tasks and request periodic 
room temperature and food supply reports. The center also transmit- 
te s ort musical excerpts, a questlon-and-answer program of general 
Interest and documentary news clips. I„ a "no stimulation" condition, 
subjects rarely heard a human voice, all Instructions were given by a 
nrenterra? teports about their status were requested and 

t^rofev The third variable Involved manlpula- 

JrLf eZ M T=°l-tlbn period, with Le 

Ttav ?b ^ «or four days and others expecting a 

elgS da^^' tJoL ? ri experiment In all caLs was 

left In the sltuatt ^ four-day condition were not released but were 
dentaUv thev p"’ uncertainty for them. (Incl- 

of the mission was a"posslMliri passed and that extension 

blnatlon, yielded eight Isolatin'’ ''^'^ous conditions, in com- 

day, private stimulifati conditions ranging from a short four- 

physical environment, as refleMed J ''urlatlons In the 

ferent Individual and groun variables, result In dlf- 

envlronment? ^ aptation and coping processes of the 

(53):) were unable'^o'^cJmMjt^'^jJ^ZM^.J*'^®® proportion of groups 
was somewhat more prcvalLt for Zu PS'^fu'* und aborted. This 

and for four-day groups afttsT- .-i. groups In the first few days 

the privacy vs. no-privacv pr ^ ‘°“rth day; and somewhat higher for 
and in the 20-day no-stimulation:. . ^O-day privacy groups 

others, attesting to the impact of higher abort rates than 

isolation. these conditions on adaptation to 

What is interesting from n. j 

aborters had a characteriatir a this paper is that 

several levels of functioning behavior which cut across 

and anxiety [20], performed Uss reported more feelings of stress 
ceptual changes involving greater team tasks, had per- 

tional activity and imaginative ran, ^^^odedness and lower Idea- 

showed a characteristic pattern ^ [19). Most important, they 

tlvity and bed usage as they annro, ®rritorial behavior, social ac- 
typically, showed lower territorialW their abort day. Aborters, 
pared with completers, and higher early in isolation, com- 

were Initially lower in excTusive behavior later. They 

areas and then rose sharply over dav «5 ° ®^^lronmental objects and 

y 1 whereas completers either re- 
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mained level or deolined during the first four days. 
ahorter groups spent less time in social interaction early in isola 
tion compared with completer groups, but increase d^ above complete 
as they approached their abort day. Thus, aborters were under-terri- 
torial and under-socially active early and ® „ 

cially hyperactive as they moved toward aborting from the si^uati . 
Piecing tLse data together with other aspects of their ^^avlor and 
with data from the earlier study led us to Pt°P°=e 

hypothesis that aborter groups had misread the deman .„j^ron- 

tion and had not gone about the business of adapt "S 
meat and to one another in terms of group fomatlon f 
did not effectively form a group or attune themselves to one another 
and to the demands of social isolation ooKtotently early in the ea 
perience. It should be noted that the f trltorlal behavi^patte^^^^ 
described above was most evident In 20-day a or __gf strongly in 
groups, while the social activity patterns appeared 

privL; abort groups, precisely the conditions where most subjective 
stress was experienced. 

In thinking about '^‘■ese data si^Uar^Ldef of 

rda^a-: brcratre LrLTc^^J:! 

aborter groups. Those incompatible on nee patterns of 

filiation and aborters both showed simil jj^^s/and then very high 
territorial behavior-they roups started high and event- 

later, whereas compatible and completer g J; adaptive 

uelly declined. If one vtews territorial behavior^a^ an^ _ 

response, important to an<Jt''idual an g manifesta- 

especially in an isolated and could be taken as a 

tion of such behavior early m a ° 35 to create a viable 

Sign that the group members had begun e business of 

relationship with one another. Once studied here may no 

group formation, territorial ® from both studies fit 

longer be as essential to maintain. and aborter groups only 

this post hoc hypothesis that the incomp ^ isolation experience, 

began the process of accommodation later i taight be speculated 

perhaps too late for group qtroneer territorial be- 

that if incompatible groups had ^ mieht have had more viable 

haviors early in their experience, they m ° ^ of their social 

group experiences. In not so doing, t e i , ^ j^o longer amen- 

need properties may have become strikingly salie 
able to accommodation. 

As discussed, aborters ^U^is^probable that much 

compared with completers early m i^ed around the Isolation 

of the early interaction by completers relationships vis a vis 

situation and its management, their ® , croup formation process, 
one another, etc., all of which is 6 more 

The aborters engaged in this process mu freely occurring verbal 

BO later. We plan to do content analyses of freely 
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behavior to test the hypothesis that much of the later heightened so- 
cial activity by aborters was not directed at group adaptation to iso- 
lation, but to the matter of when to abort, how to do it, and the im- 
plications of so doing. 

At still other levels of functioning, the data are not incon- 
sistent with the theme that completer group members attuned themselves 
to one another more effectively than aborters. Use of their beds, in 
terms of actual "time in bed" (a possible indicator of withdrawal) and 
frequency of "on-off-bed" (a possible Indicator of restlessness) were 
measured on a 24-hour basis, in addition to the samples collected in 
connection with social activity measures. The data indicated increas- 
ing restlessness by aborters, especially in the four-day condition, as 
they approached their abort day, and generally higher levels of rest- 
Completers gave a picture of paced and 
f k sense of low and level movements in and 

hed ® Isolation period. With respect to time in 

abortus tf but suggested a geLral trend for 
When both tvnM withdraw from one another, 

several syndrome-? nf\ <Jata were pieced together, there emerged 

20-day conditions wkn behavior by aborters. Those in the 

—they went to bed « appeared to show a withdrawal syndrome 

witnhrconnqu:nc:1h:r?i:f" 

situation and did not establlL together early in the 

day aborters had a dlffeLnt Sd ® functioning. The four- 

of the bed a great deal and\,^ ^ “sage syndrome— they moved in and out 
a fair amount, one had the quite restless. While they interacted 

tatlon to the sUuation K it was not directed at adap- 

great deal of restless activity^ diffuse and sandwiched In between a 

in aborter and completer^croun^**^^^*^*^'^"^"^ members to one another 
for men within a dyad as wen*' * ^ cc scores were correlated 

The results were very’clear. 24-hour period, 

usage behavior was highly corn 7 groups had members whose bed 

completers was very similar fnr I level of restlessness for 

time in bed. The aborter ernim group, as was their 

showed either no correlatlST on these measures 

amount of time on-off bed and correlations. That Is, 

to that of the other man. Thus rh ” related 

of these very simple ecological '^^re not synchronized in terms 

their social activity patterns bindings which blend In with 

never "got going" as a team, excent behaviors. They Just 

the purpose of leaving the situatl °° late and then perhaps only for 
tion of this absence of an adaptiv^/* final piece of documenta- 

it should be noted that they also n syndrome by aborter groups, 

team on a periodically scheduled tia«^ least effectively as a 

and stressful 20-day private condition fu the most difficult 
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From these studies we see some of the elements of a behavioral 
syndrome, involving use of the environment which reflects the adap- 
tive/non-adaptive nature of group formation and functioning. Further- 
more, the data from these two social isolation studies Illustrate how, 
although somewhat Imperfectly, different levels of organismic function- 
ing can be pieced together to yield an "ecological" viewpoint of human 
social behavior, i.e., subjective stress, use of space and the environ- 
ment, task performance, interpersonal exchange, etc. Finally, these 
data illustrate how the man-environment complex can and should be 
viewed from a dual perspective— how the environment affects and im- 
pinges upon man, and how man simultaneously and Inseparably acts upon 
the environment in the management of his social relationships. 


tnyi group isolation study, now being conducted in our labora- 

nrnirh H^ythorn, takes a similarly braad ecological ap- 

var?S Jo Eanctroning. Envlroameatal conditions being 

Inf Jjo™ "''''=P“'i<='>\''atiable sense Include degree of orowdlng 

On the denendent^s^a^ with interpersonal compatibility of team members. 
S If “''^“nment in the Lrm of terntorl- 

Ire Sfg f f recreation activities 
actlonsAeam and IndlvJf stress and anxiety re- 

lological indicators of Interaction and phys- 

naglectad in the earlier studlf * ^ aspect of this study, 

lore such as use of the body, ffe hfdf non-verbal behev- 


GROUP INTERACTION STUDIES 
^®8®rd to active use of 

earlier between anticipatorv and we distinguished 

ticipatory use of the reactive types of response. By an- 

stage of interaction arrange^nrof^thr" P’^e-interaction or early 
feet of setting limits on La? ^ environment, which has the ef- 

ture Of subseglent ill eraof to some extent, the na- 

Ing room, office or classroom”'^;!!]!'^"®'”®"'' ^“"Itnne in a llv- 
social interaction. But a^ w ^ unpact on the nature of 

vironment is also used xn a "re studies demonstrate, the en- 
velops, and simultaneous with sense, as an interaction de- 

easy to separate these orieltaf f ^ re not 
tional sense in one respect th ? ^i^vironment in an opera- 
social activity of successful ^ territoriality and high 

as reactive or as anticipatory u« 5 e^ on groups might be seen either 
their situation, while their later k environment to cope with 

ful groups was clearly more reactr ® end that of the unsuccess- 

at anticipatory use of the enviroi^e character. To begin looking 
themes of multi-level processes occu” * well as to pursue the 
conducted a series of laboratory ev social penetration, we 

of these studies was to examine^verbal^a^"*^* ’ primary purpose 

tration process, but data were al«ft spects of the social pene- 
sent discussion. ected relevant to the pre- 
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rr/rLr;S 

could uelect another teancate to fall out a tour.^ 

pose o£ the conversation was to allow team member g 

another as much as they desrred prior to the 
they were given sets of statements about various 

which had been scaled *“^.“jl^gr3ore could talk about 

free to select from this material and, theretor , 

very personal or very superficial topics, cou ntanv or as few 

little as they desired per Item, and cou talked 

things to talk about as they wished. T subiect and following 

about himself, discussing the -a"- tesnonserL each Item and, 

him each time. The confederate had of four interper- 

hy the content and tone of his remarks, t ^nr^Mnuous posi- 

sonal reward/cost or <^°'”P«P^‘>llity conditions 1.^ 
tive. The confederate approved and , periods and tried 

description throughout four 45 -mlnute in lai-er positive. The 

to indicate compatibility with the subje , • "iub^ect’s self-disclo- 

confederate initially reacted negative y , . ^ first impres- 

sure, but then switched to a favorable The confederate 

Sion which was reversed) ; 3. { - ""“"^^as^incil^^ atihle during the 
responded negatively to the subject an confederate ini- 

entire three hour session; 4. . -7 unfavorable through 

tially acted positively, but then switc „v.,-v proved to be incor- 

most of the session (a good first impres 
rect) . 

1,1 nredict, the more positive in- 

As social penetration theory wouia p to their teammates, 

terpersonal experience, the more open snoke about more facets of 

Those in the positive conditions genera timate things compared with 
themselves, talked longer and _ especially true of the con- 

those in unfavorable conditions. T for the later positive 

tinuous positive condition and somewha presentation, we were in- 

condition. Consistent with the theme o seeing how subjects would 

terested in going beyond verbal behavio ^ ro cope with a rela- 
pse their environment in an anticipatoi^ three hour conversation, 

tionship which had been establishe uri indicate their preference 

After the discussion, subjects were as pi^eir two-compartment, under- 
for three types of architectural p ° .j vg best for their team. ^ 

sea capsule, i.e., which they though gj^gut, in which each man s 

One plan was a "separate territoria connected by a door, 

bed and equipment was in a separate co p^ arrangement, in which men 
The second plan was a the other room, with a lay- 

lived together in one room and worked ^ which side of the 

out of furniture and equipment ^__„a„einent was a "joint random 

toom belonged to each man. The th r 
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plan, with the men living in one room but with the furniture, equip- 
ment and facilities of both men intermingled. Here neither man had 
an area of the room clearly demarcated as his own. 

Hardly any subjects preferred the joint random arrangement, per- 
haps not surprising since most people probably desire living areas 
identified as their own. Those who experienced a positive relation- 
ship with the confederate chose to live in the joint territorial ar- 
rangement, while those in the incompatible situation wanted to live 
apart. However, the live-together design preference held only for 
those who had a continuously positive experience, suggesting that any 
degree of negative relationship, regardless of how much or how little, 
was associated with a preference not to live together. This is espe- 
cially interesting in view of the additional fact that the later posi- 
tive subjects reported "liking*’ the confederate as much as the con- 
tinuous positive ones, yet were unwilling to translate this into a 
sharing of the environment in a relatively intimate way. Thus, sub- 
jects seemed to have integrated their conversational experiences into 
?h!runoi the ocher person and then projected 

assist or be in^n anticipatory way which they felt would 

tinuouslv "eonH" with the demands of the situation. Thus, con- 

^ verbal openness, a 

in an intimate ^ willingness to embed the relationship 

ne?Ld S^omLZ Predominantly favorable experiences 

There was verbal LceaLbaiS’^orth response, 

well as a positive affeet^i^ f other person, as 

tance to embed the relationshJrJ^"®* reluc- 

early negative evnA>-i« ® close environment. Perhaps the 

other person less^reasonLle.^ multi-faceted commitment to the 

with anticipatory use*^of that part of the study which dealt 

sense. Recall that subjects dependent variable 

how committed they were to th different expectations about 

which represents an ® six months vs. three weeks — 

environment with the other op”^ '^^riation in their restriction to the 
ing architectural deslen Everything described above regard- 

ditlon, with no dl££„e„ces"„herrtLl;''“-??SJ'’! ^^ort-ta™ con- 
commitment to their partner w b Perceived a long-term tie and 
in another study and are rn^r, ^ j'ist replicated these findings 
that it _»as easier to cL^i™ 

short-term situation, but that a i from another man in a 

lences— liking another man and created certain ambiva- 

nizing privacy needs during a six-m close to him, but recog- 

man and desiring to be physicallv period vs. not liking another 

be the only source of human stlmulaM^*^^^^'^* realizing him to 

untangle this web of possibilities Vet have data to 

how the environment, in a broad sens results illustrate again 

ior and a mode of behavior. In ac ^°Ch a determinant of behav- 

cord with the other facet of our 
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ecologically oriented thesis, we are trying to see how 
of functioning-verbal, affective and bf 

curious reaction to the long-term situation. It Is too early “ b 
firm, but it appears that long- commitment subjects, 
territorial arrangements and who were In 

tions, tended to have a verbal behavior pattern Verbal 

other man, while those who chose to live “Sether had a reticent verb 
pattern, Suggesting different strategies for ^ wirt a^dlfficult 

situation. One strategy was to stay away from Droxlmity 

talk a lot; another strategy was to stay In close physical proximity 

but to withdraw verbally. 

Page corroborated these general findings 
lar paradigm Involving college students, w o in . roughly com- 

des4 prelerences for two ee-man rooms_^fo lowlng^a^roughly^^^^ 

parable period of discussion [ 16 ]. between alone and 

were developed which systematically dif Thus there were 

together arLngements for living and ^ together, study 

f^^binatlons of room layouts: study ^f^f^"r«udy apa«-live 
apart-live together, study together-live apart and^study^^^^^^^ 

apart. In general, most llting arrangements In 

rangements in two-man groups and ^ -bed in terms of dlffer- 

three-man groups. However, they vete i function of compatibili- 

entlal preferences for study arrangement -referred plans involv- 

ty. Those in positive interpersonal conditions prefer 
ing joint study arrangements, those in “ . experience, however 

rate study plans. Again, any degree o | spite of general ver- 

temporary, led to preferences . toward the other person, 

bal openness and positive affective feelings tow 


BISCOSSIOH 

1 ™„lrlcal studies which bear on our 
We have described a series of e p ^-gub to interpersonal rela- 

Beneral thesis concerning an ecological app gjubg and have not In- 

tlonshlps. Admittedly, these studies .^n. But they reinforce 

tenslvely followed a single line of invest g ^ bollstlc approach 

US to pursue the matter further an to ® . functioning, to reiter- 

to human social behavior. Human ^ith many levels or modes 

ate our earl-Jpr theme, occurs as a system t.r,nther person— he 


of 


_ '’evditem' witn many 

our earlier theme, occurs as a y with another person ne 

'*■ behavior. A person does more than sp space and uses his 

has subjective covert feelings, he research necessarily 

body to communicate. While any ^ „„ must not forget, in prac- 

^Phaslzes only a few facets of ,lti-modal, multi-faceted or- 

tlce as well as in dicta, that man is a mux p^ice of 

Banism. To be sure, the breadth of examination, but 

superficiality for the presumed gain a permanent state 

that Is a personal preference and Is h P , approach to l"“f 

“E affairs. The problem with peeking a mul^^^^^^^ collected In dls- 
Petsonal behavior Is that a vast “^tay gggb field must be 

parate fields and a vast technology app P 
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integrated and learned. Even in the area of "man's use of space" we 
are rapidly accumulating a large body of information concerning per- 
sonal-social distance, territorial behavior, seating habits, positions, 
and arrangements, use of various areas [17,4,10]. There is also a 
vast array of research and thinking regarding the use of "self -markers" 
or non-verbal communication (body positions, gestures, facial expres- 
sions and general use of the body) which is relevant to the development 
and dissolution of interpersonal relationships [7,11], Incidentally, 
none of the studies reported here have as yet focused on this non- 
verbal level of functioning. In many respects, our own perspective 
is still too narrow and violates the principle of the "wholeness" of 
man, although we plan to undertake such studies in the future. 


At a less philosophical level, and more pointed to nan's relation- 
ship with his physical environment as he engages in interpersonal re- 
lationships with others, we see our research as demonstrating the two- 
way re a lonship between man and his environment— it acts upon him and 
more important, but, until recently, so- 
to fnrufl concerned with interpersonal relationships seemed 

and i-Vifli- f ^ environment as determinant. Our isolation work, 

Se indicates the role of 

lor But a tham important press on interpersonal behav- 

man’s shLLfrd here is that we must continue the study of 

ollel peSle® it as he copes with it and with 

older philosoohieai ^®®P®cts, this issue is merely a revival of the 
propelled "aSvafL i^"" ^ "responder to"" vs. man as a self- 

Ian viewpoint or th ^ ' ®*8*» the Lockean vs. the Lelbnitz- 

viewpoint, or the behavioristic vs. the existential tradition. 

Within the activa itea ^ 

data also lead na environment aspect of the issue, our 

tw.en use o£ the heurisclu distinction be- 

Khlch may be analogous to the“if “"tlcipatory fashion, 

of a territory by an animal a between anticipatory marking 

traders. Admittedly. subsequent defensive responses to in- 

pecially during the ®^^”ctian is not always easy to make, es- 

are reacting to i^edStely oecSr/' interaction, where actors 

future Interactions by use of m events and also pre-structuring 

space and environment has a sIb environment. But if human use of 
and we think it does, then stud"^ ®”ticipatory component to it, 

too restricted, and vice-versa ^ reactive use of the environment is 

The goals set forth xn this 

achieve. But a multi-level aonrn obviously not easy to 

nition of man's mutual relationshl behavior and the recog- 

importance, for it seems to be th ^ environment has research 

aspiration of understanding "whol^ ° approach our personal 

with other "whole men", Interpersonal bonds 
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SIGNIFICANCE OF THE IPSEFACT IN ’ 

PARASITOLOGY. SOCIOLOGY, AND ANTHROPOLOGY 

J. R. Audt) 

1 £ It for "specific artifact" 

The ipsefact ("made by oneself, „ or species of an 

(1.2. p.23)) of an individual. has Ldified 

animal is the manifold unit of environm losefact may also 

chemically or physically by its ovm behavi ’ ^ nest, a scent- 

loosely refer to a single item so modif » . . ephemeral, 

mark, or exhaled C02e Ipsefacts may be lo S' unique to an 

elaborate or simple, regularly or coecifically a product 

individual or partly shared. An ipsefac with. The term 

of behavior and not merely something use units of modified 

is needed to refer to, and to think in ® as specific sets 

environment, whether as bricks of the^ec ^ evolve a relation- 

of factors to which other organisms w.li a a manufactured mlcrohabi- 
ship, or as "crystallized behavior, , a^d thinking, it may 

tat— just as, for other purposes of overlap with each other 

be necessary to use one of several ter^ example, home range , ter- 
and with ipsefact but do not coincide ( ,on\ 
rltory . U^eit , or E. T. Hall’s extensions, u;; 

The living unit or animal ^®^/Jts°ca^cass^to make one 
habitat," (4) but to this we should adO formed and con- 

space-time unit, plus a second unit, its ? ^ highly charac- 

tributed to the ecosystem by the anima , specific 

teristic way. The two units provide adopt, followed by 

"potential" niches which other , fg the process of 

niche-adaptation and niche-differentia including parasitism in 
'developing the various forms of symb os , -gy^g^ftion of the ipse- 
the host or commensalism In its Ipse example, a gall oc 

fact Improves our understanding of s^ losefact formed by a host 
eecldlim is a special type of oroduced by the parasite), 

in response to a specific chemical ipse 
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The larger and more structurally and behaviorally complex an organ- 
ism, and the more elaborate its ipsefact, the more it will create 
potential niches that become adopted, adapted to, and differen- 
tiated by other organisms. This is one of the chief ways in which 
ecosystems evolve in complexity. 


The behavior that produces an ipsefact is genetically con- 
trolled in animals and largely culturally controlled (hence also 
considerably inherited) in man. Ipsefacts may therefore be used as 
indicators of phylogeny (for example, evolution of termitaria), 
cultural evolution, or even individual derangement (for example, 
nest-making or schizophrenic arc). Ipsefacts are to varying degrees 
parts of the extended organism, for example, when sexual selection 
Is concentrated on the ipsefact, as on the bowers of male bower- 
btrds. Thus selection may become transferred from morphological 
characters of the bird to its ipsefact, the decorated Lwerf 

Sion 0 ^ 010 =?^*’““',''^^ peculiarities. One is the eaten- 

cuslv thrau^r’'^i ' less obvi- 

Z'l'deoo factory, and computer. Another is 

burrow-s?atem"and / workers" to build the human nests, 

his o« «etra„r^! ipeefact, rather than on 

fashions adopted by builders ''Lrd'^Jd'a People and 

social, economic, Ld technical flctor'^ by complex and ever-changing 
sical and mav hf> j . These are frequently whim- 

inherlt outmoded but sol^d^urbOT^^'^f" Changing societies 

nay be unsuited to human i-psefacts, and the microhabitats 

scant feedback IS con- 

own habitat is an act ®an. Personally modifying one's 

one's personality lorse r,f » ®ono ipsefacts parts of 

a prosthesis or a’ loved one ” may be as serious as loss of 

meaningfully unless ir * human group does not function 

ly integrated by aLr^^S Jt^lti::”: ^'‘“^rty," berng aoclal- 

prising the collective and u group possessions com- 

ipsefacts may ^chieirs^^Liu^T^^J Parts of man's 

their size, complexity or rele tance out of all proportion to 
ecosystem. Finally, nan aloT,« functioning of the urban 

internally coherent natural err.. animals is tending to replace 
the urban and rural human ecosv collective ipsefacts— 

internal genetic adaptation the long-standing 

and self-sufficiency. structure that make for stability 


l« Audy, J.R, • xhe environment v. 

the slEultlcaoce of LdmS Attlfacts - 

mental Detemfnflnf... nf “ environment. In Environ- 
n ?n- th OrECoUo -ni—fSSpyJclUBol^ iSHcT- 
.Mit es and T^ob^h 

!►.. ^'‘cath Clark Lectures. 

Oxford University Press, 


— uiig ivph..o 

University of London (1965^ 
hew \ork, 1968. 
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3. Hall E.T.: The Hidden Dimension . Doubleday, New York, 1966. 

L Pflvlov^kv E N * Organism kak sreda obitaniya. Priroda . 

4. textbook, l.aboratomyl Ptakt t^ 
Meditalnskava Parasltologll , Medgiz, Leningrad, 1959) 
("Organisms as habitat") . 1934, 

COMMUNITY CONTROL OVER SPACE AND POPULATION 

G. Morgan 

"Unlike man, most animals maintain 
levels" - So runs the subtitle of an article by V. ' 
who concluded "Primitive man, . . . had evolve ^ These 

stricting his numbers by tribal traditions an 

customs, consciously or not, kept the popu a ranee Then, 

balanced against the feeding capacity of t e ^ removed 

some 8,000 to 10,000 years ago the agricultural revolution removed 

that llmltatinn 1 . . The old ehecka on ^XeuirLcame 

gradually discarded and tribal or community 

a matter of individual choice rather than 
control," (5) 

such references to effective population 
among human societies is the J^etailed documentation on 

rent literature. However, extensive and twenties, proving that 

the subject has been available since the y strong controls 
most human societies until a few centuries ago had strong^ 
over population growth. The prominent Eng s gg^ detailed 

Carr-Saunders, in his book Population Pro ^ hundred years 

evidence of population controls prevailing nnoulation growth 

ago widely ove? Che world. (1) The 

at the time of Malthus and since the a® populations 

prove Carr-Saunders wrong In his “^^ 3 P™ces. Conse- 

tended to reach an optimum balance with realm of 

quently Carr-Saunders' work has been tten. 

theory, and his factual determinations have been forgotten. 

u Ip of misery and demorali'* 

He pointed out and illustrated . a¥ po^lation control; 

zation causing the breakdown of standar larger social 

for uncontrolled drives tend to take over w , that a factor re- 
order of family and community break down. past societies 

lated to this must be given particular ® ® its limited 

'^Ith effective population controls exis ..mch included not only 

boundaries of space, each with its e cono^ » related to them, 

natural resources but the population t a ^ traditional 

Each society, community and family ha ® population to limited 
experience of famine, with the need to reiac problems that 

resources. This Is the basic response to p P pg^^ction of mor- 
society on a world scale is now having ° , food production and 

tality from infections, diseases and Improv 
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distribution have stimulated the world-wide population increase, 
but the loss of the community's responsibility for its own economy 
and population has largely eliminated past social controls over 
population. Can we still have the benefit of local controls while 
living in the larger world order? 

A close examination of the process that caused the breakdown 
of the local economy and controls of the past suggests an important 
part of the answer to this question. According to the Newsletter 
of the Institute of Ethnic Affairs (Washington, D.C. , Nov. 1948): 

"A world-wide urgent problem is that of the rural local com- 
munity— the village community— in the modem world. 


Can it become once more, what it was for aeons, the richly 
nourishing home of Its members . . . while also uniting its members 
With the nation and the world? 

„ - and scholars have thought long and deeply 

enters 1 1 generally conclude that when money economy 

die The to 1^^? cocmunity, the genius of the community starts to 
takU lie organic unity falls apart, intra-village rivalry 

takes the place of mutual aid, social value perishes.” 

of a llttle^reeni^?^°?^ displaces the local economy largely because 
iysieii iir dharaoterlstlc of the convS.tlonll monetary 

store ;£ wealth. "li SiruiSr^aier''^" " 

to full piLiitlTO,”hit''ls'' rar'l”* “onds as a barrier 

, mat Is, unemployment is caused by money, "(3) 

fundamentally dif cionetary systems that have had 
system Ptevillidliriirf 

This was a time of ranid years in Medieval Europe, 

full employment and of ©Sical advance, commercial prosperity, 

than c^ht\housSd il populatZ predominantly less 

umentcd accounts of the wL «« ^*^'-Saunders gives detailed doc- 
era among people of town controls worked during this 

the midst of wealth and so th ^^ry. There was not unemployment in 
division of the cocnunltv tha^^^ demoralization and 

the nonctsry system strengthened iaihir morale. And 

and regional economy, while atlen.l.^V ''■'“buoyed the local 

’ Sblmulatlng trade between regions. 

The distinctive feature of the 

crucial period of European history w^ ^^bbem during this 

money, making It unfeasible to use ™ " seigniorage" tax on 
After this tax was discontinued ee™mfe°a ° wealth, 

cent set in over Europe, and the en.„. “"Pbcssion and unemploy- 
p , aau tne ensuing misery led to the peasants 
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rebellions In Germany England^ ditplao™tnt’'of ru™l°people to 
traditional small communities, of the traditional 

the cities, and simultaneously the breakdown of the 

population controls (2) . 

.eoent experimental use of suoh a -"f ^Lsttr^:.' 

ttes has slmtlarly aohieved full Greece, 

ployment. I suggest that today, ,.„_oenuent unemployment in the 

Rome and England, money scarcity an J forces the migration 

smaller communities away from Che metropolis 
into our large cities. (A) 
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Lowenthal (Chairman)' 

The special theme of thi« -i 

and concepts from the realm of extension of insights 

has elsewhere elicited some critic) ^ studies to the world of man, 
to anthropomorphism. "ScarcelJ =i”Pltstic overreaction 

their fingers at sentimentalists'^^^ athologists finished shaking 
were men," writes one critic ‘hough they 

prove that men were animals ’ Zn™. themselves set to work to 

zoomorphologlsts tend to cast a ^ P*"-™ bntame rife." [2] And 
'3t££ar from aniLls rf whenever humans 

glcally deplorable. Thus man u^ljk ‘““Its are viewed as ecolo- 
anlsm to prevent his population ff™ “"‘““la, has no built-ln nech- 
tion as Wynne-Edwards Ls Jus^ ‘he level of starva- 

straints.'' “rrigible by ordinal ecoiogJcarcon-°" 

strata, however, tLf^rS™iituf “Phy demon- 

nhic place, all human observers r ‘"“““rphlsm. In 

Sren hP^tt Sreat their dedication laavitably anthropomor- 

Lorenz writes that the loud laughte^ .“‘her species may he. When 
must Inevitably remind an objective heh huLn beings 

triumph ceremony of greylag geese " rS investigator of the° 
llfrfr™® Srcylag geese In human’teLs ‘hat he is in- 

llfe from a human point of view. “p Inevitably view all 

In the second place, whenever ri, 

cultures are tempted to generalize hnman societies and 

they will be speedily and definitively “Imal analogies, 

y corrected. Ethologists have 
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not hesitated, here, to underscore critical distinctions between 
r ard"?rer’speci;s In tents of types 

cultural), degrees of Imprinting, and ,°?^„r„hen 

anthropologists and historians will supply slml t 

social^sychologlsts and --=>1 J ofgroup 

versality of human behavior with inadequate understandi g g F 
differences and cultural inheritance. 

so much for the risks of comparison The 
son Illustrated In this session are mam . ^ but of many 

are animals, not only in terms of their p , j culture, and 

aspects of individual and group -j gevel- 

o£ social organization. Secondly , an to know what 

opment from pre-human conditions is examined both in 

man Is like today. Evolutlonapr change - the transition 

physiological and in psychological terms. technological clv- 

from hunting and gathering through agricu qociocultural form 

lllzatlon: how far have genetic "“^“^005 How slg- 

kept up with these ecological and economic temporary behavior? 

nlflcant is the role of atavism and memory change 

To what extent is man physiologically . decade? Histori- 

from generation to generation, even . only within the 

cal demography illumines one such transf • three-gener- 

past half-century has Increasing length Western Europe 

ation family the rule rather than the exception in 
and North America. In the past, as in ' ® ^ , -randparents rarely 

day, people rarely knew 'heir grandpare , np_ 

survived into a world so utterly unlike adjusted. In 

for which they were educated, and to whi ,.s,iacively new and 

this sense, at least, the generation gap s 
wholly unsolved probleti [A], 

and huTnan life, 

It is the speculative analogies Che most fruitful 

rather than any precise similarities, been stirred again and 

benefits. These past few days we have aii . whether compari- 

sgain to wonder, to consider exceptions, linkages with our 

sons were real or symbolic, to make three papers in this 

own research. Consider a theme common to perception and use of 
session: the way social structure alters density and 

space and, more specifically, the rela historical evidence 

crowding and territoriality and dominance. of the pat- 

Is abundant, but raises questions as to .j^paj-ions. Hierorchl- 

terns, and sometimes suggests alternat ve packing than an 

^1 organization in animal species perm historian recalls 

egalitarian system, as Sommer reminds densely-structured, 

the post-medieval European transition tron in doubt, to a 

avowedly hierarchical society where .mnee of egalitarian 

demand for privacy along with an uneasy . distance between nas- 

Prlnctples, where doubts about rank reint 
ter and servant. 
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Prior to the 18th century, ladies and nalds not only traveled 
in the sane coaches but shared the sane table, even the sane bed 
and chanber-pot, a degree of propinquity confortable because status 
between then was as clear as peck-order in a hencoop. 

Altnan s esperinental work with enlisted naval personnel, sinu- 
lating conditions on subnarines and spacecraft, shows that a clear 
sense of rank and doninance is essential for any prolonged experience 
of isolation and crowding. The risks of conpetition are grave, even 
anong highl> notxvated scientists; energing after several nonths of 
voluntary confinenent. a group of Russian scientists have warned that 
nen living at close quarters nust not play coapetitive ganes because 
ot the trauaas of victory and defeat. 


of noted that a stratified society reduces the likelihood 

in I coexist peaceably even 

the hierarchT ^ proposition hold true, however, where 

Sy. fS "11 I"-"!" of the Merar- 

Svart cr "l^'-'ty benefits, and thay 

chical structures systea whenever they can. Hicrar- 

thara is general sociarcoLeL”! beneficent only vhen 

depena''on the^Mtent'^to vhlch^f aninals and huaans alike 
Anericans are “Ic”Le« by ? "''"il"ble resources, 

still our heritage, ve brSk l’^°”tier spirit is 

to cove about. As a v” elbow rooa, on freedoa 

seen to require core spaM egalitarian principles, we 

disposed to a stratified physical and social, than those pre- 

aocialite on a Ser“^ic:r:iis"''xSri^^nrs"= "">-lt"tlngly 
cer s description of academe coff= ^ “^^1 brought out in Son- 

ciation by rank is one it ^ Sroups. The tendency to asso- 
versities. A collkgue expect, even greater in English uni- 

Cambridge discovered no “P ® professional chair at 

departcent, adherence deoendm^ j separate tea cliques in his 
bership, university backEroimd ®parC3ental status, college nea- 

chairaan persuaded everyone ro ^ seniority. To prosote unity the 
tlonal groups in the joint tea- together, but the conversa- 

J nt tea-roo3 reaain as stratified as before. 

Territorial location as a fo-noo 

bolic value long after it has loo*. social life na> retain sya- 

College was foiT:erl> an exclusive P*^®^^ical significance. Vassar 
was closely allied to birth and ® college where adnission 

on the basis of nerit. Yet elite hut is now strictly 

their daughters at hxrth. Thus doSu"^!! «Sxster_ 

admission, but for those who do eet ^ ®°chance their chances for 
said to govern choice of dornitory registration is 

The prinacy of group over individual -.,=.1 

alues, so well docioented 
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by Hynne-Edwards for animal spenles and earlier 

ders to be charaoteristic of primitive man is fh^eostatie Instinct 
lost by more advanced human groups. Yet, Wynne P » 

all viable social groups need leaders and .. s^-h 

do vhat they are told, and people who can tell “= “ • 

a society was taken for granted throughout the Middle Ages, J- 
documented as a philosophy and an ecologies system tn . * . 

Great Cham of bLug [6]. The scientific 

changes of the Renaissance caused Chat stratifie estab- 

leaving in its wake a sense of desolation at the 

lisbed%alues best expressed in Donne's ^f h”: 

for the older physical verities and for the stratiii 
childhood. Relations between master and servant, 
teacher and pupil were now things forgot; 

None confess that this world's spent 
When in the planets and the firmament 
They seek so many new 
'Tis all in pieces, all coherence gone 
All just supply and all relation 

These and other nostalgic relics of ®°^~ithst 3 ndlng, 

historical understanding. is ap. 

there remains a deep conviction chat the h 
propriate, natural, innate. 

neisd to individual notivo- 
Group survival and homeostasis as opp ..-tg that stress con- 
tlon are exemplified within certain ,p.. for example, 

nunal values. Among the Hutterites ijoality and private 

group discipline submerges virtually ail exhibited the world's 

mbitlon. As a consequence, these , j promoting territorial 

highest rates of natural Increase. 1"®““ . rMse arouses the hos- 
aggrandizement, however, this unparalle e 3 nd often to cer- 

tillty of fearful neighbors, leading to pe evidence of true 

rltorial restriction. Such an increase s . ^ enormous popula- 

ecologlcal success. Homeostasis would no . species in equilib- 

tlon increase but a leveling off, as j Hutterites, moreover, 

rlun with their resources. Among inevitabl> leads 

group loyalty and the submergence . oeet new problems or 

to a loss of inventiveness, and ^ ^rrasion. As Bates re- 

perils that natural or social change m g for conformity 

®arVs of small societies in general, t e . . often stulti- 

needed to ensure community stability an 

^ylng [1]. ^ ^ ^ 

The opposition of group to j- describes. Is cloquentl> 

'I'ecoscatic equllibrlun such as cd b> William Lloyd 

'toted by Hardin. Following the '‘'’8'“'"'^ „l,o shares a grar- 

" 1833. Hardin notes that each rational hla own pain. 

Itp cormson with others will rationally seCK 
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Overgrazing becomes inevitable, even when the common is grazed to 
its carrying capacity, because the fractional cost to any Individual 
of adding one more animal is less than his gain; the gain is his 
alone, the loss is shared among all his fellows; 

"The rational herdsman concludes that the only sensible 
course for him to pursue is to add another animal to 
his herd. And another, and another..." "But this is 
the conclusion reached by each and every rational herds- 
man sharing a commons. The rein is the tragedy. Each 
man is locked into a system that compels him to increase 
his herd without limit - in a world that is limited. 

Rum IS the destination toward which all men rush, each 

^ A interest in a society that believes 

in the freedom of the commons. Freedom in a commons 
brings ruin to all." [3, p.1244] 

of private'^nronertv Pi^oblem by abolishing the commons in favor 
«lf-lnterest usually persuades 

assuring him the highest ecological health, 

IS helpless when 

chemical, radicLtive ajd he»r ® ‘ 

noxious and daneerous*f,.mf ^ ^ wastes into water; 

mg and unpleasant advertiLS'si^''' 

Sight. The calcuiaf-rrs signs into the line of 

as before. The rati "l utility are much the same 
the cost o£ the wastes he"H? share of 

is less than the cost of purif^inrh commons 

releasing them. Since this , ® wastes before 

are locked into a system If '=''='^y°cc. "e 

long as we behave oLy as nest', so 

enterprisers. The trLfa rational, free- 

basket Is averted by privlte " food- 

air and waters surr^dtaf 

and so the tragedy 0^^, *■0 footed, 

be prevented by different “ oeaspool must 

taxing devices." [3, p.l245J ’ 'oercive laws, or 

Unlike Wynne-Edwards, Hardin a-io 

as pathogenic, and assumes social c-n altruism or conscience 

only willingly relinquish freedom ° essential. But people 

believe the social consensus is ulV “entloned before, when they 
sures their well-being. What WvnnSJf,® . that it en- 

to comply with the social aystem" mL “s "wrlUngness" 

built up durable systems of social rel ^ small groups that have 
generations. But, it is conspicuouslv values over many 

sent in modern mass societies 
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Stress under crowding Is something man, unlike other species, 
can avoid by creating a multiplicity of occupational niches. At 
any given time and for any given purpose, we interact only with 
lect individuals, ignoring all other people we may chance to meet. 
Typically, we move from the small world of our home to the ™a 11 
world of our office or workplace, seeing many people en route wit 
whom we do not interact in any meaningful way. 

Let us explore the significance of this behavior in the light 
of the insights provided by Fischer and by Wynne- w . 
possible or plausible that interactions with strangers preat 

voke anxiety’ Are we able to move in free anonymity 
cities’ What environmental role do we assign to ose car- 

- or sometimes bump against - without knowing as in condi- 

ing to place in our social network’ Since we to - folk 

tions on trips between home and office, we seem to i viewed 

met en route as non-people, just as ® ^°j^j^2^species. This 

janitors. To us they are almost members of anothe P lotion- 
perspective ultimately extends to all non-intima , , for what- 
shrp.. We end up by "divestrng °h-elves of responsrbrlrty f«^whet 
ever happens to these non-persons even it tn ^ to her 

building: witness the Kitty Genovese affair. would 

aid has been condemned as apathy or ^ „ate capacity to 

tn fact be impossible for any individual in his private capac _y^^ 

take on all individuals encountered - ^ast majority of 

the urban milieu. Just as we must screen o vital frac- 

Sensory inputs we receive in order to make non-intimate 

tion that we need to live with, so we ® ^ntion and energy it 

relationships in order to give intimacy t 
requires. 

« r,f rhe "indifference" that 

Relational overload xs a root cause young, whose depri- 

seems so shocking to the poor, the blac -nVp (or reward them 

'Nations or inexperience do not ^"*1= and^essentlal, and un- 

^or) ready distinctions between struct rartions. To combat the 

structured or accidental, environmental in e . , they 

distinction (which usually operates ^neir physical and 

sensibly emphasize "confrontation” - that , attention as Indl- 

sraotlonal involvement, bringing themselves {.ugm as categories, 

^duals so that we can no longer lose s g effectively than by 

it is by evoking our hostility, even m -lettering our ability 
'^inning our sympathy, that they succee n faces. At the 

to differentiate familiar from unfamili^ through tine more 

extreme, they may make our trips throug ®P animals, requiring us 
hazardous than those described by Fischer at whose noti- 

to be always on our conscious guard agains 
''stions we cannot guess. 
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Imagine a person afraid of being mugged on a city street. If 
the street is empty, he will take such precautions as keeping under 
cover, moving rapidly, avoiding long stretches of open space, sug- 
gesting that the presence of other people is desirable, either as 
a deterrent to would-be assailants or, perhaps, because he imagines 
they might come to his aid in the event of attack. If the street 
IS thronged and he ^ attacked, he will be shocked if others fail 
to come to his aid. Yet he himself ordinarily regards others on the 
street as non-people. The need to transform them into people in 
times of crisis, and the ensuing doubt as to how really to regard 
them at all, is part of the schizophrenia that characterizes urban 
life in the absence of strong neighborhood and community ties. 
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Olm' 


In huInrhnstory!'^°ArtL°momrf'**I!®,''°^ ° phenomenon 

Numher One problem. ' commonly depleted as mankind's 

numbers afajeh that'’coistitutra®prebl''™'’r^““i; 

on our behavior. Crowdine or L ? effect of crowding 

result of increases In thl car^vlni"' typically, the 

brought about by innovations ln^r,vL“w environment, 
rent and Indirect effects Leh “ “'''‘‘“'“e- through Its dl- 

creased population growth! DiLc^'‘3f ecS% 

morbidity and mortality cond-. ettects include Improvements in 

results of accompanying cWe^;^^>. 

The latter appear, tybicallv^ social organization, 

of the social competition whlrh ^ result of an intensification 
chances of advancement of ’some other things, improves the 

ment, and, in general, tends to incapable of adjust- 

, cenas to increase expectations. 

As a result, and simultaneous •» 

tional product, various population ^"creases in the gross na- 

only partly or marginally Integrated fmd themselves 

In turn, leads to nervous streL and »achlnery. This, 

the lack of participation in the social n."’ ’^°“S>'ly proportional to 

game. Such a state of af- 
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fairs appears to an Increasing extent to characterize developing 
countrieL all of which experience rapid economic and social change 
along the lines Indicated. 

Iftat does this mean in terms of behavior^ It seem^to^xn- 

dlcate that growing segments of the population y 
display a behavior pattern that is “f tLds to 

nervous tension. In individual behavior we that^thls^ten^^^ 

lead to a simplified or primitive pension. If 

by Increased motor activity as a mean conditions of 

large groups of a population are knoim believe that the 

chronic stress, there would seem to be re This type of re- 

same thing is likely to heppon u^dLiyinfreasL for the 

action may therefore be assumed to be violence, that 

growing incidence of social unrest, ^ of industrial- 

seems to be occurring the world over. violent social dis- 

urban development increases, Che poten nartlcularly true in 

turbances appears likely to increase. , certainly not lim- 

the developing countries, although the problem is certain y 

ited to these. 

^ ,-(cV of violent social dis- 

If this hypothesis is correct, th problem which de~ 

ruption would seem to constitute ^nviro^entai^p^ Personally, I 
serves far more attention than has been pa through the 

can think of only one way of toping -paging flow of rural- 

creation of meaningful employment ,^,ieated young men would seem 

urban migrants. Within this group, the e potential for future 

to deserve primary attention by virtue o conditions 

leadership - for better or for worse, ., «ould seem to be no 
with which they are confronted. f family planning, 

less challenging and important than t a 

As the question has been raised by that I consider my 

ses5 in conclusion qocial competition un- 



competition as the behavioral mechani^ seneral. My , 

population control in the animal ®bas been his major work 

spiration in arriving at this interpre bim of the validity 

Ul, and I hope some day to be able to per differences be- 

of this extension of his ideas. -nnear to stem from the uman 

tween animal and human behavior would app ^^^^-ormiental conditions, 
ability to radically and continuously aite conditions, 

thereby often preventing the creation o gj^gible for malnta n 

^at appears to happen is that vp-c do not have time to 

fug relative or dynamic stability xn n ^jjjggts to new environ 

fully assert themselves, until furt er and so on. fh ® 

®iantal changes become called for, . that, in principle* s 

Would not seem to preclude the are strong arguments 

lar regulatory mechanisms exist. 
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favoring such a hypothesis [1], 
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Cratk 


to /"'I concepts have contributed Importantly 

sLSna tr™dirr°a attributes of human behavior, in 

TtuSn? o? huf “Prtle of sitting and talking, the 

Jec?rof ne^Z^ r ucefully reminded that the spatial as- 

^corded «rativeir observed, treked, and 

logical studies “"liltc Che eco- 

gy, the research rennrt-°a°u^ geography, but like those of zoolo- 
and temporal distribution of deals with the spatial 

ganlsms" alonroJI^gr^upf individual or- 

studies can be analyzid iS Urn. f yielded by observational 
ties, the behavioral character spatial properties of activl- 

of individuals (6], places, and the locational behavior 

of the individual is .111 !!..^ locational behaviors 
of his activities or the j to the areal extent 

while his occlusive ranee ^®lng at a given location, 

lap with the range of other j ^ ^ portion which does not over- 

cation at’ can eLil definitions, ’lo- 

haviors with reference to an Zvci Z""® individual shows certain be- 
or defending it, the exclusive range, such as personalizing 

In addition, relative loee,-, J considered his territorv. 

and Hightower^s research the Le can be studied. In Chapin 

house activities <e.g., soclaltr.^. ^ ® household's out-of-the 

ered in reference to the locat-ir,., shopping, working) are consld- 
by Hall [9,10], Sommer [13] Litti]° fii? [4,5], In the research 

_tlonal be haviors, the refe-rl.,„„ . ® others on mutual loca- 

erence points are other person^: 

But, because human organisms can talU 
by complex cognitive processes an*? their behavior 

to social concepts and norms resear^h^ ^ their actions in reference 
not, and must not, be limited to obse spatial behavior need 

Altman and Sommer describe strateeic onal study. The reports by 
tional study and direct inquiry (e ^ combinations of observa- 
From this cognitive and social perlpectl""'*"'^''"® ’ ‘l“'=stionnalres) . 
human spatial behavior also come Into vlZ'"’ aspects of 

aw, Roos' concept of juris- 
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diction refers to the establishment of temporary territories within 

■EhT^text of social structure and norms [12], For 

professor's office is his territory most of the ^ut the 3^ni 

tor's territory some of the t™2ltma“s sSdr’'tfwhcm do thoITSow 
not ary territorial rights . In Altman s study, their 

Lo^ red and green chairs belong^ Within the 

confinement, the sailors did or did ^"^^“"Serm^rely 

they surely recognized that within a wi t Sommer, 

had jurisdiction. Reservation of canpgrou > , used by 

IS another instance of jurisdiction. The 
Wynne-Edwards in analyzing animal behavior, o 
human level. 

That the men in Altman's study territory 

beliefs, attitudes and dispositions abo J rp-^earch. To il- 
ls important, and suggests an -tal approach, Adelson 

lustrate only one approach here, the ^ idLs, traced the 

and O'Neil, in a study of the grm^th of p 18-year 

development of the sense of community in “» ’..rchased by 1000 
olds, using the notion of a hypothetical s la^s and modes 

men and women who settle there and must e rh the concept of 

of government [1] . A series of questions a road 

eminent domain ! the island's Council Initially, there 

across it, but one person refuses to supported nel- 

was no developmental trend among tne age h f persuasion 

ther the landowner nor the community vounesters, espe- 

fails and the landowner resorts to a sho g * coercion. 

Cially the older ones, shifted in favor of government 

As the complex nature of human dominance and ter- 

more precisely delineated, the relation <,ned situations, can be 
ritoriality, in non-confined as well as con toward lead- 

more fruitfully appraised. Dominance, . ascendancy, is one of 

ership, interpersonal initiative, an Once adequate measures 

the best measured personality traits I , l„-j.itorial behavior also 
of individual differences in varieties o , to dominance 

become available, determination of Altman's situation, where 

will be a straightforward undertaking. adaptive response to 

the establishment of territory or social insight 18] 

group needs, the trait of social ^^bellig ^^gitlon of differcn- 
°ay be as relevant as dominance, while ^ablishing situation nay 

tial amounts of territory in a territory 

be particularly related to dominance. ^ 

1 would like to turn briefly to more 8=“”^ in animals 

this excellent international symposium 

and men. 

riic creation of 

The advent of nassive urban renewal p transpor 

®ntlre new communities, the construction 
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tatlon systens, and the nanagenent of vast tracts of wilderness 
areas, parh lands, and watershed districts indicate the extent to 
which the fora and processes of the conteaporary physical environ- 
nent are becoaing increasingly nan-influenced. Indeed, barring ac- 
tual catastrophe in other realns, the next 50 years nay cone to be 
known as the age of the physical environnent . 


Because variables of huaan behavior are intemixed throughout 
the full cycle of environaental policy-naking , planning, design, 
nanageaent, and nalntenance, the sciences and professions dealing 
directly with the physical environnent, such as architecture, city 
and regional planning, landscape architecture, transportation plan- 
n ng, geography, and natural resources nanagenent, are coning to an 
acute recognition of the behavioral implications of their endeavors. 


^ The rapidly developing new fields of environaental behavioral 
e 8 ., enylromental psychology, behavioral geography, en- 

near rtil Physical environ- 

goS’of fbSter coptrihute to a realization of the humanistic 

loral assumptions Sedded^ISirp^ofeaLf^I^^^"® Implicit hehav- 

soclal and administrative practice, overcoming 

clients, and conduotine foil™ l>«t“een professionals and user- 
sequences of plsnnlng and behavioral con- 

of an everyday ph?s5!Lr™?ri®° 16)- Surely the vision 

activity patterns, and asnlrari'"”^ “>iich truly reflects the values, 
stant, sensible, effective nonlro*<°^ society through the con- 
loral Impact would appear to he "^^”5 performance and behav- 

steadlly Increasing social and 100^0^^:^ oom'^lLity^^^ 

by analysis of the spatial'^ac'^^^^ hf research possibilities uncovered 
which is only one of several human experience and behavior, 

havioral science, remain Impressi^'a'a^ topics In environmental be- 
erously financed, large-scale «»•.. i. sobering. Even with a gen- 
nagnitude of nethodoloeical an,i ash program of investigation, the 
tabllsh the basis for a nature u S^t^ndwork required to es- 
to think in terns of decades rathe”'^«-w°^ research makes it imperative 
it incumbent upon environmental heh “onths or years, and makes 
their advice and realistic for ®^^®"tists to be humble in 

and designers to be patient In Policy-makers, planners 

greatly beneficial and enlivening to While it will be 

if the professions exert strong and r ® research enterprise 

al behavioral science to carry on r ^ ^ pressure upon environment- 

needs, there will necessarily be appropriate to their 

on the timing, direction, and orderlnp^^F sequential constraints up- 
To be sure, substantial immediate ° field's development, 

tlce will accrue, but the points of conS™"!!^'’® benefits to prac- 
practice must Inevitably be Intcralttenr ' “'P”ucn research and 

rather than constant. Fur- 
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•'ttco; 


p..- Cnr. FSVChQ_l2., 


•'ttco; 

A out that crovdlng 

One of our colleagues, a*? though there were 

«ifn5lt> tended to be used ns ri^uatlom and cort.lticn . 

to positive factors connected with ^ nosltlon; because the c 
history of cities fully confirm*! structure and b\ hiph conj 
1» alwajs characterized hy very he td-K-d to 

“■•c use of spaoc. And this fact must unRUO 
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the special climate which cities create, which exists nowhere else, 
which must be the pre-condition for social Invention and innovation. 
From this point of view, the city and all the buildings chat make 
It up should be regarded not as a container of civilization, but the 
actual generator. This, of course, is Implicit in words of various 
etymology; city, civilization, civil, civilized, or urban, urbane, 
urbanity - all of these reveal the fact that this has been generally 
understood. 


We try to examine this problem of urban density and habitat; 
it seems to be apparent that two factors are involved; one is size, 
the other is density. Both of these relate to the appearance of 
this special climate that cities - and no ocher forms of settlement 
're “iSht nse the term of 

£ze and d “ Slvon 

ill =alf-Eonerat- 

lock at this nrnhl special climate appear. If we 

size aL deL?rfi " terms, it seems to me that both 

teras of sitf Lwn? In technnlnsy. In 

actually not anv ^'ichaelangelo's Florence were 

has for decades been^nuch t^hPttanooga. Tennessee, whereas Detroit 
would not br:Lurs"b,ec ^ 

tloned more effleiLtly thaj =“SEested that Florence func- 

drawbacks, accomplished 

complished. It seens to me. Detroit has not yet ac- 
tion of the city, but it i-s clearly a civilized func- 

to say that there is an ah«oi variable. It is not possible 

tion will not function as a citv agsrega- 

bound to function as a citv c?’ cut-off point at which it is 
and related to the general ® variable factor 

of technology. thought, and especially to that 

very much constant, bechhhh^^dLhl rh**! “tgued as being 

tial displacement of interneT-c^ another defining of spa- 

thlnk that technology eah ehS I- f'-t one, do not 

blinking rate or the way 1 use mv ^ ^ millimeter, ^}y 

tion we have been told about will these signs of recogni- 

ceived, and the space acros«5 unless they are per- 

little limits. So It seems to me thrr^tw." Pettelved has very 
a permanent and constant factor .-u question of density is 

■•“r in the development of the city. 

Modern technology has had the lron,e sc 
an enormous increase in size of the etfect of making possible 

decrease in density. This certalnlv*^^^^ almost equivalent 

quality of our life, and, in general t ^ ^ ‘definite effect upon the 
viously, overcrowding night have been dlff* ® "® 8 ative effect. Ob- 
Paris, Renaissance Florence) for the medieval 

expensive for the maintenance of thg. and might have been 

ividual in terms of contagion 
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and starvation; but there seems no doubt that it 
slrable. The Interjection of the uncritical adaptation of 
means of communication and transport which f f ^ 

Dallas seems not at all proven to be an ^solutely positive effect, 
on the contrary, if one goes to the few cities left like 

Venice, one immediately observes the benign effect of an urban de 
sity which is still based on pedestrian communication. 

The implications of many papers which have been 
of great significance for architects and city p 
gret that there are few architects and planners 

Studer: 

Underlying most if not ail of the findings Iji_ 

symposium is their possible application to Clearly 

deed such a proposition is never too far f™” very 

the data concerning population density coul decision 

survival as a species. Of equal importance, ow , fundamen- 

about what we humans shall do while we are s i vehavioral topogra- 
tal concern are issues dealing with what f^riocranhies can be 

phles are relevant to our goals, and how these op problems 

realized. How do the findings reported here relate to the prooi 

of organizing viable htiman systems? 

The processes involved in applying It is the 

havlor causality we call generally, e environments to 

act of self-consciously designing or cont social outcomes, 

realize specific human biological, development of con- 

My own research interests primarily involv environmental de- 

oeptual links between environmental researc functions (be 

sign. I would point out that the design an interconnected, 

these experimental, naturalistic or other), w issues. A recur- 
involve significantly contrasting was ’’...but this 

^ing terminal theme throughout these presen explanations of the 

is all very complicated". Comprehensive researchers are in- 

environment-behavior systems examined by t ® ordering of man-made 
deed complex. But allow me to observe that tn ^ outcomes is infi- 
environments producing somewhat predicta ^ e o^adlv. Behavioral 
nitely more complex. That is why we do it . g must, if they 

scientists, ecologists, and all relevant resea ^o environ- 

intend to help, become more aware of the is each of these pre- 

oental design. No doubt many of us tion that "these data 

sentations, experienced the momentary rea and must be 

highly relevant to environmental decisi presentation, 

systematically taken into account." .ugge points of know- 

he same response. But how does one conn 
®dge in a sea of ignorance? 

. have no overall 


The first point I want to make then is that 
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conceptual framework for interrelating our knowledge of man-environ- 
ment phenomena. The search for environment-behavior causality is 
launched from disparate and conflicting epistemologies and assumed 
paradigms. Limiting one's attention to a particular research issue 
is essential to scientific progress. One must ask limited questions 
and answer them thoroughly — taking care not to move beyond the 
facts. If we could, by some conceptual miracle, combine under a 
single unifying metastructure all of the findings reported at this 
symposium, the resulting information would be relevant to but a very 
small portion of the issues facing environmental designers and man- 
agers. Why IS this? The designer cannot select particular variables 
to deal with, nor can he artlfically impoverish the problem space. 

He must deal with human systems as they come ~ behavioral samples 
which are both large and complex. All classes of environmental vari- 
ables, e.g.. luminous, sonic, olfactory, tactile, must be ordered be- 
^ affected. That Is, each class of 

= “ke a state, even though each will obvl- 

confieuratirt^ T influence. The resulting environmental 

genetic eivena context of certain phylogenetic and onto- 

Sr^iveltlStLEr “ •’“''"loral resuli. In most of 

eignerenviloS^uL I" <5=- 

There are endless t h t given, all must be ordered from scratch. 

matter eysLns h,^s^ f “'i order energy- 

environmental states (e o o ‘"i frithetical demands of extant 
date time-dependent resoon^ gravity, climate)’ How does one accommo- 
meroua nf.er%achnfMr?:"- 

behavior to supportlne^^vironm”"^^'^^^ moving from pre-deflned 
hens.ve, contxSL^ aL presupposes more compre- 

ist. Suffice to say that arrant* resources than presently ex- 

human outcomes is painfully with predictable 

in present states of knowledee nH lu " impossible with- 

ments are required, and arrant*! *-u other hand, man-made environ- 

sult in particular, often nrofnn must. These environments re- 

cal consequences. The very act %* ohavioral, social and biologi- 
is an act of social or behavior i '^^^^iguring designed environments 
involved in and apparently we is what we are 

cal decisions. The frustration of choice if we are to make physi- 
of environmental effects, our meth that our understanding 

vironment-behavior ensembles both f w realizing predictable en- 
incomplete and relatively crude Th w" knowledge are 

izing precisely well-fittlne e™.— IZ ■’'°“«’>ility of success in real- 
g environments is certainly equivocal. 

Ostensibly we agree that behavior is tbs , 
which must be observed in order to as class of phenomena 

is thus the generating criteria in defa^^ ®nvlrorunental effect. It 
ments. This fact has led me to adoot arranging environ- 

aaopt and attempt to explicate a 
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hPhavlor-contlnRent approach to tf L 

underlying argument is that ve must ® our envlron- 

as individual and con^uLate these in- 

ment to maximize the probability tnac we wxij. 

tentions . 

1 have become Increasingly f-inced and th- -^ree^wlth^Som- 
mer, that the traditional role of the p y - This is to the 

nedlflcatlon. We are becoming a ' poiatlons must 

good, but a corollary proposition Is that aff ^P^P 
have a major role in arranging their m * «-he means — hard- 

vlronmental designer and/or manager Is to pr iiiese technicians' 

ware and software - to enable th^ to f fiscal and 
success is obviously constrained by limi attend 

physical decisions and generate f^^^r'^IpHUehavirsystems. In 
to continuity with other affected enviro „ steering" toward 

essence the environmental designer provi ^ scale this is per- 
the realization of human intentions. On a B 

haps identified as "participatory ‘ £ i „e must be in se- 

the more sophisticated our tools, the more careful we mu 

lecting our goals. 

The fact still remains, however, that environmen- 

ten been mentioned, know enough about wha oe-ause of this Igno- 
tally to precisely realize our human goa uhich erow out of 

tance and some of the complex conceptual s (i.e., the self- 

ft, we can only view the environmental es g ^ diffetenC way 

conscious effort to structure our can be no "so- 

than is traditional in the design ._is regarding what might 

lutlon" per se , only an environmental knowledge 

be the human effect. Beyond the fact ^ ® before a physical solu- 
are impoverished, the human problem change simply more 

tion can be realized. What is needed, t ^ interactions, 

empirical data to better understand which recognizes 

but a new epistemology of environmenta ^ c » man-environment 

the uncertainty and state-changing are simply involve 

equilibrivim. We would do well to various actors are mak- 

an experiment , an experiment in whic _„, 5 tematic information- 
fmg decisions (via some sophisticated an pnlnulate the man-made 
processing, decision-making mechanism) to ^ respect to our indl 
environment toward some equilibrium j an on-going exper 

■vidual and collective goals. We are xnvo -Qcsequence (assuming 

®ent to better our environmental lot. manifestations) we 

that we systematically monitor resultant h rnanipulations, 
learn more about the effects of environmen hypotheses. It 

increasing our knowledge base for should be contemplate 

is my conclusion that no designed peptualization. H 

LesR V j MnHerlving concept contemp 
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interacting with our environment to attain our individual and col- 
lective goals. 
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Calhoun 

Wynne-Edwards pointed nII^ ..u 
for maintaining social stahilir^*^ basic processes 

for change. The first is ths ”bile providing the opportunity 
and variability of individual control over the character 

crganizatlon of groipf Ija ’’^"'its patterns of 

the ecological setting in uhich an harmony with 

In the pattern of social lif^to Change 

Secondly, „e have control^v trldlti'^'' ‘T "h'^aal selection, 

norms for behavior which deL™ culture, whereby the 

altered Without welting fcr;“«ic'’°J‘''"^ "^y be 

change has permitted only miL. It Historically, cultural 

next. However, the rate'^of LltuMl^^s Seneration to the 

erated until we are now continually accel- 

no longer suffices. Margaret mLh 7''"'' ‘='‘llural inheritance 
generation has introduce! TLdr^f iHe present 
hut developed from their o^ exl^L ' “H™ trektion, 

of their development. PurthemL, ®°^''-y within the context 

Ing the generation-gap suggests aat comment of Mead's regard- 

prooeedlng to an lntr!-ge!!“!!„! f “1=° i" tbe proceL of 

significant changes through time with “ “Til be such 

members lose contaet with the!rf!^ " “ generation that its 

takes us to the focal issue 0 ^ 0 ^°“"! This eonsideration 

clal continuity in the current Ta ITtlkt ”■= Preserve so- 

thls question requires f„c„s „„ " iPdlcal change’ Answering 
ceptnal space precipitating an auSS’’°“- Pl-P-ical or c!„- 
flected by altered norms of bchav!!!“^tr“l'T'’ ’'‘*^00 sys terns re- 
of sailors in confined physical space 0 ^ 0 ^^ ° “PCPT”cntal studies 
nlng. Study of adaptation to a sequent f PPu'^clng begin- 

may provide a guide to the process^ ?!r J “"TTPed physical Spaces 
sequence of differing conceptual spaces “PPPeefd adaptation to a 
space consists of the unique value "“pH conceptual 

that behavior most appropriate to a traSiSc gelding 



Space and the Strategy of Life 


John B. Calhoun 


abstract. Space has value to life as a omtv resources 

sources and provides experiences, -'.jp defense of area 

has culminated in the evolution of both ranae. fo the ex~ 

^ the formation of groups which s/iare aspect of 

^nt that an individual is alone when nersonalitij. The 

his environment, he incorporates that vtem t P anx^ 

presence of others within his extended ^^obom^^ V an 

\sty and produce defensive antagonism. Tnvsp ^ second kind 

T'dentity with surroundings initiates the P axosAenoe of things 
of space within which we spend our Itves. ^ Q-oolution produces 

becomes transformed into concepts about . ^alationships be- 

a conceptual space in which values are re a , , • relation to 

tween (detract ideas rather than to ways of ideas forming one s 

physical situations. The responsible chovce m 9 ^ ^i^al space. 

conceptual space replaces the sec^ch for . replaces aggressive 
Commitment to abstract values wh^ch gut(W ^ fseao. Compassion 

defense of physical objects values — replaoes 

— t^ie understanding support of nroaression tends to 

submission to aggressive action. at space. Herein Ues 

'increase the time and energy devoted ^ ^ ^ increase in numbers 

<^-partial solution to the population evolutionary pro- 

'^st cease within the next century. « ronceptual space. Pro- 

g^ession may continue through enlargement J increasing diversity 
doting enlargement of conceptual space ree^ living units, and as- 
If physical and ideational resources, J^n<^ i ^ effectiveness oi 
^^blies they form, while increasing the 


rhe 1968 Annual 

rTrontiers of Sdenoe^LecCure^^^ Breakdown 


Presented as a trontxers oi on "xne — - 

^testing of the AAAS, Dallas, Texas, ^ , brought up to date 

Social Control of Population Growth has been 

of August 1970 . 
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Ixriks between these dxverse elements and assemblies. Promotion in 
this sense Will replace conservation as we— with compassion— guide 
the destiny of Earth toward creative exploitation of conceptual 
space through responsible cormitments. 

INTRODUCTION 


Many traditions mingle in my past. Each in some way contributes 
to my concern with space. One of these traditions involves the Scot- 
tish people.* Their history embraces the development of the clan 
system as an eminently successful means of adjusting to life in a 
trying terrain. This very success led to dismal failures as many 
strictures, from the statutes of Iona in 1600 to the Battle of Cullo- 
den in 1746, dissolved clan authority. I come from a long line of 
Calhouns often characterized by failure to maintain territorial pre- 
rogatives. before 1600, the Colquhoun clan was resoundingly 

ssacre n en Fruin above Loch Lomond by the immediate ancestors 
0 0 oy acGregor. This local fracas was part and parcel of a 

tension accompanying the incipient population explosion 
to control''m!n I" ^ “Ihclinc in the authority of clan chiefs 

tlon on availahlp^^* at this early date the impinging of popula- 

Iraland duSif I 35,000 Scots to settle in northern 

tSe pfollfJi ieo« ^ =="tury later, 

space bind The Calhou^'^^^^^'^ Ireland were again in a population and 

wandtr^flate^ a a rp^rort^e'r^^’' 

some 150 strong foun^the!! i ^ *”erican branch of the clan, 
Carolina one fine day^ln^l760^ Long Cane Creek in South 

the men stacked their i ^ typical Calhoun error in tactics, 

Hired as It w^s o^:s:i'rthrcr::r ^ 

Cherokees massacred a third of rhoi engaged, a band of 

more activist half remaln<aH r, a Of the survivors the 

ville. Out of this erouD ®®tablished the settlement of Abbe- 

depends upon your point of vl™' Th°''''rn'" PLace In history 
retreated back up into North rar^i ^ half of the survivors 

Scottish settlement of Waxhau t protection of the earlier 

the Calhouns, They tended to'm- cowardly branch of 

treat into the world of Ideas ^ ° teachers and preachers, to re- 

Whether this family hlstorv h 

entiflc concern with the subiect hearing on my specific sci- 

It exemplifies the central thenp nf «****^^* ^ know. However, 

two kinds of space, one physical a d ^ Presentation, that there are 
grapple successfully with the myriad “”p=P'p“ 1- If »e are to 
ing the developing rapid Increase in tensions accompany- 

and conceptual space need to be consid™S Physical 

" Irrespective of the relationship of SootMsS n 

of ny research interests, 1 have found history to the origin 

evolving insights about the influence nf e stimulating in 

ot space on man [ 17 , 18 , 28 , 29 , 34 ]. 
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Hy own strategy for avoiding 

been to escape by seeking only o u seclusion I keep stumbling 

lower mammals [6.7.8]. IXiring each s^h rec^^^^ 

on to principles which seem to these problems makes it 

txcn also. And yet, my very bfen :ust wandering rn 

difficult for me to recognize ^ing a frontier of science, 

a sterile wilderness or am in ac tional systems of thought, 

a zone of tension and change between ^ clas- 

You Mill clearly recognize that much ° ^ ^ this without 

sified as poetry rather than norma ® there is no science which 

apology for It is my firm ", 

did not have its earlier expression as an ar 

t- for a very kindred spirit 

Tonight I am here as a replacement and work 

whoa I deeply respect. Professor art and science.*'- 

exemplify the tension at the Interfac slaving the role of artist 
He flows easily across this boundary, j,^pr he nor I are either 
and then again the role of scientist. ® , an adequate summary 

competent or temperamentally incline ^ which many investigators 

of the great diversity of effort and "“^ng of the Importance 

arc now directing toward developing an u nresent symposium on 

of space to the life of animals and ,™L,^rging fieW science, 

this topic reflects the broad scope of this emerging 

<^©rwav at my labora* 

let us now turn to some of j“‘’^®!nre”to"related issues more 

toty. They will serve as a point of departure 
particularly characterizing the human sc 


experimental universes 


LAr 

u oiral space consisting 

An experimental unxverse is a ^Figure 1) . 

.r Lre similarly constructed cells (Figur^ behaviors^char- 

provides 


of one or more similarly constructed ce s behaviors 

provides opportunity for the expression g intended as « 

acteristlc of the species for which the uni ^ four-cell uni- 

Place of habitation. The example shwn h yy a large 1”^’ 

verse dest„..a mice. The floor is mere y 


Qesigned for house mice, inches witn gt^ui. 

>1 inches, covered to a depth o surface of the Stoun 

Partitions, slightly higher ^qual areas, 

cobs, divide the floor space m partitions as bou 

leg 640 square inches. Mice utilize ^ ,5 base covered by th 

of territories. A chemical ring stan w 

ru» necessity of a 

makes a particularly strong of the sclentlf c 

“ore artistic form of expressing the form j^^pnal science to 

revolutions which later permit a new fiel 

o°erga [26. p.172]. ence In the de- 

“ Konrad Lorenz discusses the Junot"” fo"Otlon- 

elopTaent of new value systems, new way 
^"8 in it [27, p. 286-299). 
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corn cobs is placed in the -ter of^the^flocr -ch^cell. 

Wire screen wrapped about the rod ena ^ m 

procure nesting material from the c®" nf a number of kinds 

point of fact this structure of heightened activity 

of activities. For example, during .UnrH-inate mice. The four 

it often serves as a temporary haven ® bolted together 

Ball sections, shown displaced in the g ’ to the floor 

about the base to form the closed universe. ^ the mice 

space of each cell, four vertical wire fo^rat each of 

access to a battery of sixteen nesting compartment , 
four levels in each cell. 

In each battery each of the four use of space, 

partments. This arrangement does make an e , introduce the 

However, the prime function of this arrangeme apartment com- 

economic factor. The higher up a ^t expend more energy dur- 

plex, the lower is its income because it ^ resources as food 

ing each round trip from its home to obtain su located on the 

and water. Food is provided in a hopper in reauires that the 

wall to the right of the tunnels. Obtaining 

nouse run across the outer surfaces nets of food. An out- 

^'ang on it while it gnaws at the containe pe covered v/ith 

side accessory hopper enables the food sur a above a platform 

food at all tines. Four 2500 cc bottles 
above the tunnels provide an ample source o 

of 250 mice per 

This spatial arrangement will permit universe before 

J-ell, in this case more than 1000 mice eain access to re- 

standing room only" and lack of opportun y present pro- 

souTces places an upper limit on population ^ conditions 

gram is particularly focused on trying to at the "standing 

which permit or prevent the population from 
room only" terminal stage, 

THE behavioral SINK ^ 

Among the studies now underway ,^^y,jj.awal. Each group 

gating the effect of group size on socia ^ rrivio number of mi®® 

‘consists 


ig tne studies now unaeiwiy ; „-^v,^rawal. 

w -le effect of group size on socxa number of 

consists only of males introduced at thirty-two. 

fn the four groups are four, eight, go not know "^at th 

Stoop Inhabits a four-cell universe. So tar suspect that 1 

optimum sire group is for this universe, 3lt optimum sice 

snore than eight, but less than sixteen. (Figure 2). 

"toup a strange patteru of eating is developing tt 

„£ the food consumed 

Each bar graph represents the ^^e position sho^^ 1’ 

[ 1 °^ the food hopper located at It will be noted 

a dlagraininatlc cross section of the un v from equal usag 

that nr. .t-- . . t-h« deviation ^ «vnerien 


v-ne rood hopper located at apptwA It will oe 

‘C diagrammatic cross section of the from equal 

as the group size gets larger, the ^eviatlon^^ experience 

the four hoppers becomes more accentua 
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UNIVERSE IH UNIVERSE 15 

N » 16 N » 32 


FIGURE 2 - BEHAVIORAL SINK DEVEU)PMENT IN MICE 

Diagrammatic representation of food consumption, 
13 Sept. -12 Nov., 1968. Bar graphs indicate per- 
centage of food consumed from each of the four 
food hoppers in each universe. 


assurance that this rodents, I can predict with fair 

particularly in the larere.r-'^ continue to become more accentuated, 
over 90% of food con«^llm^^•( state will be one in which 

ly no^frL a? Uart tSfo? essential- 

the nice eat only at this ant. h This will mean that most of 

niy at this one hopper and all of them eat mostly there. 

of “»« I t=™ the 

compasses both the dcvelopmM^ot 
ot Its continuance upon the contained 1 

the physical environment musrcoSal^ individuals. For It to develop, 
nlttlng situations which require that i°nallzcd response-per- 

clable span of time at onrS tta 1 ^ individual spend an appre- 
sponse. Gnawing at food through the nesror f i';\‘‘PP'^“Pnintn m- 
such a situation. When few animal. hopper represents 

stances will be that each Individual ninnnn- 

eatlng without another mouse being present PPipP""®^ 

as the group Increases in size, tte chanc ? *'°PP=p- However, 

individual is still eating anaLer wUl loL 

After a number of such coincidences of l.t I! hopper, 

each Individual cooes to associate th» “ eating In close proximity, 
reward of eating. This association becLer^rstLnrS'tl^a'^hS" 
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Te righfstTrobabrirtror£iSiyoth| prese^ 

mlnal stage of the process the aggregates at ^ 

be so large that most ladividuals heShtLed 

pletlng any particular episode of It becomes patho- 

need for proximity to others becomes PaPhologicai. beyond 

logical because it increases the number of social “"“cts far beyon 
tb^at which the overall density of the universe number 

1 shall return shortly to this question of t 
of contacts per unit time. 

Although this kind of environment was ■“atlon’’S 

nit the development of the behavioral sink, environment. 

Its anticipated development tells us how not to design^an^en^^^^^ 

It points to the detrimental consequences ot ^-ttuations are 

particularly ones where any of the kinds of basis, in- 

highly restricted in number and place. On a searching and de- 
creasing uncertainty, enhancing the necessity --ovg beneficial 

oanding continual solution of new problems s 0 ^ cost, com- 
as a basic strategy of environmental design. o - yg re- 

plexity, and magnitude of such studies have so .--atecv for ready- 
sort to crude simulations on paper as an f,,i-nre 

itg ourselves for such critical studies in t e 

THE BREAKBOWN OF SOCIAL CONTROL OF POPULATION GROWTH 

In 1963 Kessler, then of the Rockefeller of recent 

of the most important experimental studies o p gg 

years [24]. His universes were of approxima e y order to study 
the four-cell one which I am now using. ^ each of his two uni- 

selection under crowded conditions, he init a rour inbred strains. 
Verses with 16 pairs of mice, four pairs eac o . .^gd 800 and the 
At the termination of his studies, one , .^lase of his study, 

°ther 1000 Individuals. When I saw this hieh density must 

I concluded that this unusual attainment of ve y initial colo- 

in some way been dependent upon the __„p_ecale study 

"Bizets, How this insight led to our current his study. 

J'^lres a brief historical background. for the habitat. I 

easier asked my advice about an spatial requlrenen 

to completed an analysis of ® behavior and P°P“ °i;,j,y 

e utilized in experimental studies of g monkeys, fet' n 

dynamics in a rLge of animals from feet with con- 

ibis minimum lay between 80 and -Itreat or nesting 

=WcrabU additional vertical laboratory space, Kessler 

bo the strictures of avallab jjj,j_£ourth that w 

b , ^°cced to reduce his experimental pens , a physlds" 

t 4 thought necessary. MorLver. his backgr^n^ chinking 

unoncunhered hy presumed ecological truism , 
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had stemmed from an ecological model which says that ecologists "know" 
how natural populations are initiated. That is, the population is 
assumed to start from a very few survivors following some catastrophe. 
Therefore, I was thinking in terms of introducing only one or two 
pairs of animals into the "minimum" space* 


Since Kessler wished to study the interrelationship between 
crowding and natural selection utilizing coat-color gene markers, 
his basic stock consisted of four inbred strains of house mice. To 
reduce initial gene drift, he took recourse to two strategies. First 
he established a hybrid stock of hybrids, H3, in which H3 » % x H2, 
and Hj - A X B, and Hj - C X D, in uhich A, B, C, and D were the in- 
bred stocks. Second, he started his populations off with 16 pairs. 
Thus he began with 32 to 64 times the density (one-fourth the space 
and eight to sixteen tines the number of colonizers) that my ecologi- 
cal evaluation deemed appropriate. The population eventually reached 
standing room only", less than three square inches per mouse. How 
could this be reconciled with my earlier studies of population growth 
and social behavior in experimental environments'^ In these earlier 
experiments, the presumed "minimum" desirable space was exceeded and, 
confirming the results of most other workers, an upper level of popu- 
lation was reached far below that attained by Kessler's study. 

° precise hypothesis, I tried to visu- 
vlronnenta^ a paits of mice in separate "minimum" area en- 

were sote distance apart“by'one*oE th^ '"’’‘’“f'’ bodies 

through a space that'^the othex h a “erely occupying or passing 

sclf.^ Tt.eteforef:Lrtwr5SiviL:irdJd “"'u 

a collision at a distance would eenor epproach each other, such 

tense fighting, culolnatlnrS re!rt^«wT i"' 

nale. This Intense territorial strlfri J"Se territories for each 
nale associates who would then exoerlen 

celving and rearing litters -ilffleulty in con- 

cere 16 Wales In the sane amount of Lac^ '^•'e ease where there 
typically encounter another male durlnrhis 

Therefore, the number and spatial extcL of ? exploration, 

within any Individual's extended IdentlL b Incorporated 

a consequence, the frequency and iutensltv nf^r<*’b reduced. As 

edly reduced and territories rarely establl b would be raark- 

from male aggression Impinging u^^ thm S'?' 
to very little InhlbltlL of conLptJor^r 
sequence, populations Initiated with a high denslt^ 
should reach very high terminal densities approaeS f 

“Pproaching standing room 
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Tdltren ;erfes“of :rpe«?’in vhlch^^ 

four, eight and sixteen cells to form closed p ys colonized 

increasing size. Five universes of each size respectively, 

with one, two, four, eight and sixteen pairs o * ^ shortage 

All 25 universes were designed and constructe , decided 

of personnel dictated an initial constriction o e 

to restrict our first effort to one universe mlonizers of 

tinted with four pairs of mice (the midpoint number of colonizers 

our original design) . 

Preceding the initiation of this four pairs 

our staff ran a pilot study of a one-cell tgly one-fourth 

=£ calonlaers. This population, in a ““^jult mice, ex- 

of that Kessler used, reached an upper reached in Kess- 

actly one-fourth of the "standing room ® mnsidering the 

let's study. With this confirmation in hand, an hypothesis 

hypothesis stated above, we proceeded to a "The larger 

relating to the five-universe study we pairs, the 

the physical space when there are several c . naximum 

soaller will be the absolute size of the lA-cell universe, the 

nunber is attained." From the one-cell to 250. 230, 205, 

predicted terminal population would be respec . mice per cell) 

and 110; and in relative density 7 This hypothesis 

the series predicted would be 250, 115, 5 » ^-cture in December 
vas presented in my AAAS Frontiers of Science t phases 

^968 at a time when the populations were xn , 

of development and so far confirmed the hypo 

. . • 1 history of these popu“ 

This confirmation lay only in the inxtia two of the 

Nations. Within the first two months after . the stress 

°3les in the largest universe roon died In the 

ttconpanying their Intense fighting. a longer tine, one 

second largest universe (eight cells), an a . ^ In contrast, 
also died In the middle-sized universe (four snall- 

»«e were no deaths of colonizers for many relatively nub- 

«t universes. In them fighting among ^ing phenomenon— 

‘“ed and „as accompanied by an even more mteres^ng^P h 

tl£-groomlng became transformed into mutual g nutual groonlng 

t ivldual's identity became fused with ot ^ universes. n 

°ug colonizers was never observed in t ^ and hierarc 

the more classical picture of affecting females 

with the overflow of stressful f „lth proper na- 

the extent of reducing conception end int ^ 

tu ri.^''nvlnr. In contrast, this feedback loop. ^,„bUsh 

"> inhibit population growth, hardly functioned 
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Ing phase of the two smaller universes. For example, the first sur- 
viving litters were born 25 days after colonization in the two smaller 
universes, but not until 50 days in the two larger ones. 



The rraalnlng histories o{ these eolnet. 

■lolly substantiated the original hypoth^la 3) only par- 

thls figure of population grouth that the Inree, ! oivlous from 

■Larger universes culminated 
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In larger absolute populations than the smaller ones. At the upper 
limit of population growth (at time di on the curves) the number o 
mice per cell from the smallest to the largest universe was respect- 
ively, 180, 175, 130, 142, 138. The middle-sized universe, the one 
«ith four cells, had a history of unusual social disturbance which 
seemed to stem from an exceedingly pathological aggressiveness o ^ ^ 
the one territorial male among the colonizers. Both of the "o in - 
tial phases of population growth In this four-ce unia- 

a marked reduction in the rate of Increase in contrast o 
Ing In the other four. Therefore, if we Ignore this ^ 

focus only on the other four, it may be seen that t e n that 

(180 and 175) of the two smaller universes was 25/. greater 
of the final density (142 and 138) for the two larger ones, 
the extent of the confirmation of the original hypot esis. . . , * 

similarities in the histories of all universes have produced insxghts 
that are of even greater significance. 

To appreciate these new insights, mention must ^ uni-^ 

in the physical environment. In the original ,»i nVysical 

Yerses, Wheeler came up with Che concept of ..iK Lace 

space as opposed to "sLlal" physical space, "physiological space^ 

is that where ingestion of food and water takes^ p , t-nace is that 
animals retreat to rest and rear their young. oc a water 

vhere status interactions take place. In "^J/^ornpaimen^s 

source inserted into the back of each of the 16 A com- 

in each cell and a food hopper forming the ^ - ingestion, 
partnent confined these more basic survival external space 

®l®ap, and reproduction to these retreat spaces. since mice 

''as left for more involved social interactions. rirlnk this de- 
fend to urinate and defecate near where they ea ^j^et 

sign led to such a fouling of nests and high it less 

a overhead food became extremely moistene a » and 

accessible and desired by the mice. For this * jjipartments to 

“ater sources had to be shifted out from the as more 

a positions shown in Figure 1. This still e tjhvsical en- 

truly "social" space. We believe that this ^^^^|ggg"experienced and 
onnental structure increased the amount o density it' t^® 

as instrumental in producing a reduction of the pilot 

“^-celled unlverse--180 in Lntraut to 250 f five 

toLh’ change in environment ^ qJ the original 

«"ths after colokzation and during the writing j.ne the 

of thla paper. With this background we may now examt 
history of these populations. 

^11 populations passed through four discrete phases. 

Phase A: The establishing phase ^ 

of birth of the first surviving Utter 

Phase B: Period of rapid population ST°yJ*;/Le^ 56 days, 
the average the population doubles every 
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Phase C: Period of reduced rate of population growth 
during which on the average the population 
doubles every 105 days. 

Phase D: Period of stability, or slight decline (less 
than five percent) of oooulation numbers. 


A schematic representation of the last three phases is shown in the 
upper left corner of Figure 3. Times cj, di, and ei mark the ends 
of Phases B, C, and D, respectively. In all cases, the end of Phase 
D at ej^ night have extended beyond that shown. The one, two, four 
eight-celled universes were terminated at the e, times shown, 
nods or^rS continued to determine if later pe- 

verfe a! ^ nay occur. For each Li- 

cnonlSn those born each ten days after 

Tn^ ^rw^rcncnaid^sr"-*”"^' thr^i^ii^i^^Lir::! d^r^ 

ful biological-social periods oriJI! represent meaning- 


Category 

l!?uaber 


Category 

(cohort) 


Span in Days 
From Birth 


1 

2 

3 

4 

5 

6 
7 


Preweaning 

Juvenile 

Subadult 

Establishing Adult 

Adult 

Declining 

Senescent 


1 to 30 
31 to 70 
71 to 130 
131 to 210 
211 to 320 
321 to 450 
451 and over 


The three age structure histograms In 
present averages of those for the flv, 


the lower part of Figure 3 re- 
universes at the times indi- 


0T.er most of Phase B (raold no... i 

ture In each universe remained atlon growth), the social struc- 

nales, while successful productlm*Il?'^?r--L!'"^ '=‘>lonlzlng 

females and subadults. These l8tt(>i- d was by both colonizing 

crease provided the ambient social « 5 ^ ° to population in- 
regard to male territories. Practl n relatively stable with 

phase survived. Toward the end of bom during this 

the Establishing Adult age categorv TM oales began entering 

reached an age when they can effcctlv«.i * "ulcates that they have 
with the older colonizing males for with each other and 

This Phase B terminated at time ci °ries and dominance status. 

Of these, si* to seven were In thi EstnbUshlnrf! 
categories. I'ouever, the overage terrlr— ® Adult and Adult age 
SO territory covered approximately 
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one and one-half cells, which means each territory on the average 

included 10 - 11 mice in socially active age categories. Tor reasons 

not now well understood, the sex ratio in these five universes hel 

quite constant at AO males to 60 females. Thus, 

unit consists of one territorial male, three contesting bu su 

nate males and six effectively reproducing females. At the en 

Phase B. all universes were filled with such basic social units which 

on the average inhabited one and one-half cells. At time ^1» 

three younger age categories had insufficiently ° whose 

serious competition to these older, socially estab is e .-t-i.re 

relative numbers are indicated by heavy shading on t e age s 

graph for time C]_, 

During the Phase C period of inhibited ’ „„„ 

younger mice born during Phase B successively shi te in these 

categories. of Establishing Adult and Adult- As they m since 

later ages, they began to contest with the territoria ^ 

there was essentially no vacant space to occupy as a ® with- 

£ew«re successful, blit most, after 

*aw both physically and psychologically. of males 

ticularly to males. Early in Phase C, when J rejected males 
still Included the nest compartments, these with 

were forced out of the nest compartments to places space 

periphery of the territories— out in the center o except for 

or on the water or food platforms. Here they continued 

minimal movement necessary to obtain food and w • jjiost 

through most of their lives as Solitary Withdrawns. been 

the withdrawn males assembled in large aggrega ® withdrawn 

teraed Pooled Withdrawns. During most of Phase , ^ ^ 

®3les were characterized by masses of recent woun . Period- 

nstances were these wounds inflicted I’Y flurry of vio- 

cally^ each withdrawn male would burst into a withdrawn males. 

in which he would attack one of his and 

he one being attacked would rarely flee, but . extent of 

^ loved himself to be bitten. As Phase C than 12 

i diminished to an area „ithln a radius 

to base of the ring stands. As females became 

rr torles took place, the older adult (.jje nest compart- 

aggressive toward inunature mice wi bases of the 

Ls and toward any adult of either sex being ^ structure 

^®ading up into the nest compartments. instructive. 

Sy Phase C in each cell 

In t-u ^ there were at most no more than (Nos. A and 5) 

vhn ^ Establishing Adult and Adult age categor shown as 

even a modicum of normal fo/the four older 

vy shading. The hatched portions of the bars ^^2 mice in 


-.w.- even d mouicuui Wi for Cne 

y shading. The hatched portions of the ba In 

'Categories represent the withdrawn '”1''®’,,'’“ the social 

scn.f'^^age cell. These nice are no longer “1= By this tine 

thevV^ '"’ntrlhutlng to the survival of the sp violent 

'■ay have lost to a large extent even the capacity 
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type of aggression and the only sexual behavior is a rare episode of 
over-intense copulation, apparently not involving intromission. Sixty 
percent of the population, then standing at 14 times the optimum, con- 
sisted of those in the three immature age categories, whose fate be- 
came apparent only after Phase D began. 


Successful rearing of young terminated early in Phase D. The 
frequency of conception also became markedly reduced, being largely 
confined to females born early in Phase C. Those mice which had 
withdrawn during Phase C remained as inactive nonparticipants — but 
even more so. Even their capacity for violent, nonfunctional aggres- 
sion disappeared. Those 10 mice per cell who retained some modicum 
of Involvement In social activities during Phase C entered the ranks 
of the ulthdraun mice. No mice replaced them. By midpoint of Phase 
D there were, for all practical purposes, no territorial males, no 
contesting males and no reproducing females capable of caring for 
young; the genetic and learned templates for guiding effective adult 

havtota^ ’’r" exhibited be- 

havioral competence of a reproductive or aggressive nature. 

latloruhQ''had characterized the 53% of the popu- 

behaviors would h categories 4 and 5, where normally such 

sfcrmue ’’""S “tempted. He have desigLtsd 

build nehs ^or b^f "®^'»er fight nor ^ex" nor 

development* to adnlt-b exhibited these behaviors during their 

they remain as juveniUs who J-^'SCcomlng . Essentially, 

capacity to remain in the nesSno J®®®"*!®®- ‘hey retain the 

lug. Dr. Julius Axelrod ® compartments during periods of rest- 

adrenalin Into adrenalin In thl^and ojh "hich transforms nor- 

Phasc D. Unlike the mice who ha„ ^ other categories of mice of 
withdrawn, these "Beautiful Ones"' J®"®®®®"*, been rejected, and 
stressed.’ He can 0 "^=^^^ thaf ®''“®"®® ®''®® helng 

aggressiveness of adult femalpc ^ some combination of the heightened 
conjunction with their expericncinc^a\J''u^' '■c''ch“P"'cnt, In 

mice, blocked the unfoldlL of rhar n u ^ ®®'^® contact with other 
guided by the genetic template “?°®® captession Is 

and aggressive behaviors precludes rho blocking of sexual 

orating their expression. ® P°®®‘hility of learning elab- 

Hhcn Mayer Splvack of the Denartm— r - 
Harvard, viewed these populations diirl-^'vi^ Community Mental Health, 
they were "overliving". By this ho ^hase D, he remarked that 
tinned living had been losi tL cSLIl” P®®^®®® ®®"- 

clal behaviors requisite to the survival engage In those so- 

pressed or blocked. If the state of affai- ®"i ‘Pccles had been sup- 
pcrslsts, the population will eventually ‘■'ccccterlzlng Phase D 
reinitiation by the last survlvo" This T’’ ®‘®^P ‘‘^® “i®’’ ®° 

Halsey Harsden of our staff. I will . 1 ™ J® ‘’dug explored by 

give a brief overview of his 
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studies: When the two-celled universe ““t Se 

topsled except for eight males and 16 females (a u 
end of 60 days at this reduced density, territor contrast, 

failed to reappear and no prepancies '^dult and Adult 

vhen the original population tfsSO a Similar time 

nice, the total number trebled from 12J , , fV,aiT rpsidence to 

perlid). Gradually, most of the females "hrfted their residence 

the same nest box, as if in an effort to recoup 

compartment density. The females were then p ace , ^j-gg^ing 

universe with eigS sexually active males from th^ cofcSved 

colony. Even with one sex now competent, ^ ^ lifters were 

and only three of these produced litters Sxnce 

all dropped in the compartment housing 13 ot study 

five pups were reared long enough to indica e » Furthermore, 

not been then terminated, they would have been nales removed 

Marsden has made a detailed study of most - 12 nice 

froa the nid-Phase D period. After intensive ° ® solitary 

Mst representative of each of six categories 1 e . younger 

withdrawn, younger pooled withdrawn, older poo ^ their en- 

beautiful ones, and older beautiful ones) four-celled uni- 

vlronnent and each category introduced into s social 

verse. Invariably they failed to develop a status typical 

group as night be expected for normal mice. » gg„ 

situation was that of three socially active interactions. When 

sentially failed to become involved in any soc . ^gg^, extremely 

coapetent females from the breeding stock were j^^gt only one or 
few pregnancies resulted; in some cases none. effective sex- 

two nales in each group had retained the capacity 
wal behavior. 

• e 25 the 16— cell uni 

We are now continuing the study of Univers will be no 

Verse. There remain two possibilities: senesce and die, 

wither reproduction and the mice will gra nonths more of liv- 

no more remain. Second, after two or orrpression, the Beau- 
.. . . nuinE aao^ _ .... .-Vi o 


* more remain. Second, after two or aperession, the Beau- 
- a setting with no significant templates to the 

Inl Ones nay recoup some of their blocke f , aggression, oay 
point that i-.t--.,'-.. .mflrconpanied by 


ing in , 


•nl Ones nay recoup some of their blocked aggression, oay 

po nt that reproductive behavior, naterlalize de- 

oe reinstated. The hunch that this P°®®^'’J^i^Loiation for two to 

ves fron a few observations by Marsden t a , ^j^g behavior. T e 
nonths nay lead to reinstatement of 25 indicates that 

^rrent absence of social involvement in . from his fellows 

all practical purposes each mouse is isolated 
^splte their contiguity. 

the h^mian 

In searching for the relevance of these fron the natural 

, ''B must clarify how the present study space In a 

5 J°2£Bal situation. In a state of nature. social uni 

?£ahlc habitats rapidly becomes filled wit £ excess young bc- 
of 10 or 12 aduit nice. 'f Asbltats where they are 

£e mlsrace Into less desirable marginal habltar 
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exposed to predation. In our experimental habitats, the possibility 
for emigration has been precluded, and predation, except for rare ac- 
cidental deaths by observer action, has been excluded. Thus, the ex- 
perimental populations continued to increase to more than 14 tunes 
the upper optimum point of 10 adult mice per cell. Furthermore, the 
static nature of the experimental habitats with localization of food 
resources fostered development of the behavioral sink phenomenon. 

Even though the maximum number of mice attained did not preclude mice 
obtaining enough food, the behavioral sink process culminated in ex- 
cessive eating in some places while other identical sources were 
nearly ignored. Among the consequences was that the learned need for 
proximity to other mice generalized to places of sleeplng~to the ex- 
tent that so many mice would aggregate in nesting compartments that 
some would suffocate; this, despite the fact that 30% of all nesting 
Snrrj density contained no mice, or only one or two. 

® accentuated the heightened contact rate which 
cutainates In brevity and incompleteness of response and finally 

P oScer'’"srh ^ b' "Bnautifil OnJs" are 

rarfj^siancefwh^rr"'’^ “ "“ura in those 

However we must concl^s fails to remove the excess population, 

nomlu; suffice predation and other causes of death 

tolres consonant with lltriiAlrsmall^ behavioral reper- 

concluslon In these stiidtL ^“papl groups. The basic 

the Unit o£ group size and rate^nf ’ dsnsity increases beyond 

in a small group all exrr^ce compatible with life with- 

ccpacity for executint^fh«v. develop, the 

clL. srecuting behaviors appropriate to survivel of the spe- 


the human scene requirL*^that''we ‘Be study of mice to 

and causes as the sublina^o#^ « < responsible commitment to values 

that the process of lde„tlf5lS"iltJ'va,!;f In mice. It says 

self requires periods of soHr.i/io values and goals beyond the bodily 

this opportunity, the individual In the absence of 

Incapable of commitments whose mu- into a hollow, sterile shell 

sociates as well as the individLl enlarge the welfare of as- 
nent in humans becomes the equivalPn^°!!F Paucity of involve- 

growth in lower mammals. But even t-K u population 

this primitive trap. As Erik human animal can be caught in 

lectures on insight and responsibilitv^° succinctly points out in his 
volvcment in the expression of the c opportunity for in- 

tion or creativity is nissine the ® function through educa- 

of this drive lies in duplication of to the fulfillment 

cue biological self [21, p.256I. 

SOCIAL WITHDRAWAL AND SOCIAL VELOCITY 

Whenever a group of animals Is studied i., 
enough, it is noted that some individuals ®"°“8h and intensely 

others rarely appear. We have been studying 

J 6 cnis phenomenon in great 
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FIGURE 4 

VELOCITY IN A. 
GROUP OF EIGHT 
MICE 

Study 103 
Universe 13 



Observed velocity slope shortly after 
colonization 

Trend slope after final social structuring 


ietall In the four groups of male mice only 

Verses.* For our present purposes we will examin 
roa the universe containing eight males (Figure )• 

fir) IS eive each in- 

, From an operational point of view, what we -_k,ve in a cell 
vidual a velocity score each time it is observe frequently 

one of several places where social loO or more 

taVe place. The total score for each „core reflects 

ch sanplings comprises the velocity score. j-hc 

® time an individual spends moving „4ates. 

exposed to contact “f* ranked accord- 

1 .,.^ ftally represent the results, the indiv .nHividual with the 
‘V to these sLres, with Rank 1 assigned to Vha Indlvidu^ 
o£ ®vore, and then the velocity score is p phase of 

soti 1 ^"''fvidual ' s velocity rank.** Even at nenbers of 

tka' ^ ®vructurlng of the group, it is sure. After final 

Lrkedly L the basis of it-ls neasure. 
of relationships among members ^ roxlnate a trend 
•‘"'te Indicates that the velocity scores will approxm 


^ indebted to my colleagues, G.A. Bagle> , 
'Coler for their conduct of this stu >*• 


Bishop, aud 


See 


Footnote next 


page. 
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shown b> the lower dashed line. That is to say, tine will produce 
an even more narked difference in velocity scores. If one knows 
only the relative velocity scores of the nenbers of a group, fairly 
precise predictions can be made about the characteristics of the be- 
havior of each individual. Since the animals s^own here are all 

« I present the general picture 
nhich has been revealed from our studies of a number of groups of 
both nice and rats* ^ 


“"y sroup into an upper, a 

a aT' t° their Velocity scores. The 

Therre«ll"reLtr''f"/''^ territorial and other Lnlnant males. 
effLtive sexMl during fights and exhibit normal 

l^r^sfintrabodS^^herrthSfnr™*" 

Dales. They move with raim « P’^esence night disturb nursing fe- 
they exhibit those beVtarr ssurance through their range. Overall, 
vival of the species conducive to the reproductive sur- 

the upper velocity ranks Thev*^ picture holds for the females among 
construct excellent nests nro^ide^^K*'^ effective mothers; they 

for nursing and move the entire lltSr^f opportunity 

V I Itter from one place to another as 

Eqs, (ll3) and (126) in J R r«iu.. »»•, 
provide means of calculatinc Social Use of Space" I9}» 
of animals, N, in the universe an ''®l®cities. I'Hiere the number 
for that space and oontiguraCion'’'’therth“ optimum number, N^, 
may be calculated either as- ° ’ expected velocity, v(exp). 



2 ^ 


where R 




(113 derived) 


(126 derived) 


Rank of velocity 

v(obs) _ 
vCobs, : 

''e - Observed velocity, R . i 

approximates the v<oxp) _ , 

N = Nq and the social system has derived) then 

fact that the v(e-xp) 3^ calculaLd fST t:he 

y 61 8 and 7.7, it Is obvious that eltLr n’a!"? R “ 8 are respective- 
social sjstem has not jet obtained equiliR . ® or the 

data suggest that social equilibrium has observational 

’’y ranking nice Eo “Ctolned. With 

the dashed line of Figure 4. ^^26 derived) predicts 
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this action may decrease the likelihood of interference from Invading 
disturbed adults. As with the males, they exhibit the whole reper- 
toire of behavior most conducive to the reproductive survival of the 
species. 

Individuals in the middle velocity ranks exhibit a strikingly 
different complex of behaviors. Males rarely win aggressive encounters 
Despite this failure, they repeatedly place themselves in positions 
which elicit attacks from more dominant high velocity males, is 
arises from a propensity for continual involvement in sexua ® 

Despite repeatedly being wounded, such males persist in inva ng areas 
doainated by high velocity males which estrous females ^nter to see 
respite from the advances of these lower velocity males. 
proclivity for involvement in sexual activities, of cont nua P 
into the domains of dominant males, that gives them t ® eex- 

teing much more active than their velocity scores revea . 
nal behavior exhibits a wide spectrum from near normalcy ° 
deviation. It includes an often heightened intensity , 

pressed as maintaining a mount on the female many 

Nation, and this often without intromission. Furt ® * behav- 

oales exhibit a wide range of other reproductively .gp^ive fe- 

tors, They will mount other adult males as well as , _ig pf 
tales, and in extreme instances will mount immature indiv 
either sex. 

The deviance of behavior is equally striking their 

the Biddle velocity ranks. Though they often ^ Gantts of their 

Aternel behavior becomes so disrupted as to build nests or 

“y young very low. They lose the oapaclty 
their litters Intact at any place. Even »hen^they^^_^^ 
llty to move their young from the place whe at scattered 

the several members of the Utter are f Pf In 

and eventually deserted. Such females es dominant 

cai^^ they more regularly receive Pt°toctlon^fr»^t 

p, excessive advances of their 1 their conception 

r-. a consequence of the stress exper en *coae of the low- 

^ e becones reduced, and embryos die JfJ^’naie sexual behav- 

‘”t. adult females. 


•^oolty females in this middle group females. 

Ihey mount adult males as well as other a 

ra-v striking about the members of rclation- 

sHi!/ lo the extreme lack of Involvement 1 „ the 

U t % this lack of involvement may be _.^^t utilized 

,*'^elr rare emergence from those places , -ng. And >et* 
^,^y higher velocity individuals onl> fet t:ust If 

.hon ..u _ . . ' - . 1 1 » 1 n nOOeat » “ frf' 


.V velocity individuals onl> gs the> nust if 

these low velocity Individuals do app ! . response*? 

“te to secure food and water, they neither ncrc)> nutrl- 

actively initiate interactions. * 'j„ttl'e IvaJ 

" tb. tiaklng no contribution to the P j„ted freo setlal 

tpecle,. Many of these individuals arc so 


^5* 
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reality that, despite the proximity of associates, these associates 
just do not seem to exist for them. They do not experience stress 
from participation in social life. This is reflected by their small 
adrenals, kidneys and hearts, as well as their exceptionally large 
deposits of fat. 


I have cone to the conclusion that this velocity stratification 
of a group, with all the attendant alterations in behavior, will de- 
velop even under the most optimum environmental circumstances. That 
is to say, it will develop even where all needed physical resources 
are ample and easily accessible and where no undue crowding exists. 

At first sight it may seem strange that evolution has allowed such 
a consequence of group life to persist. We may justifiably wonder 
why evolution has not maximized normalcy of behavior in terms of a 
much larger proportion of a group exhibiting those behaviors which 
survival of the species. It Is true 
Ho Individuals with reduced velocity and more abnormal behavior 

torf ''•'ich expose them to preda- 

thrnorf no^a^ f circumstance may contribute tn the survival of 
chances of their population and thereby increase the 

fa« hL ab cliL?r I =u=pect that this 

contributlnE ► abnormal In the sense of not seemingly 

eUnreueeUcf «Pr°d“cttve survival. This is a very pue- 

a species when'no IndlviH i persist through the history of 

number of progeny? The obviLs''^'^''l significant 
tie beating offtlir "" 1 ^^ ! h®® 1“- 

Intlucnce the origin of abnormal^ not proposing that heredity cannot 

that cnvironnental clrLms?a™:s aSoSarn ^ “■ 

suit in abnormal behavior despite h 

constitution. ^ most advantageous hereditary 

1 will shortly return rn nn i 

abnormal behavior. Before dol ^^Pl^aation of the Inevitability of 
some advantage to the development^of 

co-ipanylng abnormal behavior i velocity despite the ac- 

servatlon that first cave i . ^ share with you the ob- 

study of wild rats i„% LrL encJo!® ' question. In a 

contained population had divided lt« 5 Aif ^ 

consisting of about 12 adults. One of h ° ^o^al colonies, each 
whose members were quite socially group 

velocity status with many of the developed low 

eluding not onl> considerable hoBo*;pv..«i”^^"^ abnormal behaviors, in- 
duced ablUt> to maintain their burrow ® 

And yet they made a discovery which on th earth in good repair, 
parable to developing the wheel. In enl ^ level would be com- 

a burrow, the usual procedure followed bv*^r 4 ^^ tunnel system of 
dirt and then alternately push and kick th i ^‘^tatch loose 

been deposited on a mound surroundlne an until It has 

s entrance. Very rarely, if 
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the earth Is moist, as it often is, rats will exhibit a more efficient 
nethod of removing dirt from the burrow. They will pack it into small 
wads which they will pick up with their teeth and 

out in the same fashion that they do small rocks. It is also fairly 

normal for rats to push and roll out larger rocks which they encounter 

during their excavations, l^hat these fairly w^thdra;^, abnormally e- 

having rats did was to discover how to build an 

just smaller than the diameter of the tunnels. What t ey 

taking 40 or 50 wads of dirt and packing them together until tney 

had a nice round ball; then they would roll it 

the mound, I, of course, cannot rule out the possibi y 

behavior has a strong hereditary component contributing to i ® ° 

much as is the case of the typical ball formation among ung • 

In support of my contention that this was a truly t^o*nnf px- 

only say that I have examined thousands of mounds o ^ ,n mv 

posed to the extra intense forces producing social w t nnder 

enclosed population. Never did I observe this bal orma likelv 

these more natural conditions, where low velocity rats are 

to survive very long. 

Other instances of developing novel and pa-ch 

rats with reduced social velocity have been observe . n 
for the possible reasons for this proclivity by '"°‘^®’'®^®g^aturwhich 
rats, I have screened rats of varying velocity Hnral states 

records the duration and sequence of a number of e ® 
such as sleeping, grooming, eating, drinking and gg* on the 

order cLater randomness 

her hand, the lower velocity individuals exhibi 8 
fheir sequences- For them, one can predict muc velo- 


sequences. For them, 


As velo- 

ir will be on the basis or tue new or- 

j ■ *“» »-“« chances increase that there wi observa- 

of behaviors that might be advantageous. with regard to 

I have concluded that a flowing back and forth ^xth^reg^^^^ 


fhe next behavior will be on the basis of the 
ty lowers, the chances incr 


erf!® social withdrawal or reduction xn ,^-on of former 

Ibe reduction of velocity permits of behavioral 

star activities and permits new com i - withdrawal 

Reduction of the pressures which led to „hich 

Pemlts increased velocity and a fixation of the new sequen 
‘‘'“se during - - - ■ - 


i the lowered velocity state 


hum. 


To the 


extent that these insights may have ^PP general 

issiia It necessitates placing a new persp heightened m- 

''“lvaiient'° 3 '’'^^^ Raalth. Fostering high ''^JiP^jjLej.sition of that 
knoul j interactions promotes th q adequate 

those sequences of behavior most conducive t^ 


'"nctf®! those sequences of behavior ““t con „„„ 

under the conditions most P^®^® „ ty promotes dis- 

t“lutir withdrawal and reduction of veloo y^P replace- 

tent t prior patterns of behaving and t i resume socia 

C Iv" '“«£«ent Lquences. Then the °PP“f““‘^„”f the new patterns 
“^''“‘snt, to IncrLse velocity, permits fixation 
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evolved while in the more withdrawn state. Whether these new patterns 
of behaving are judged as creative by society depends upon their func- 
tional utility under altered circumstances, or whether they may con- 
tribute to producing altered conditions deemed desirable by society. 
From the point of view of augmenting the prevalence of creativity, 
the concept of mental health must incorporate the desirability of 
fostering the shifting up and down the scale of velocity, even though 
this may involve some expression of behaviors judged undesirable from 
other points of view. 

THE "MYTHEMATICAL" SOCIAL POOL GAME 

Although considerable empirical data buttress the concept of 
velocity, we may appreciate its origins and implications better by 
examining a diagram of the “mythematical'* social pool game, a crude 
representation of a more complex mathematical model [9]. 



FIGURE 5 - THE ‘’HITHEHATICAL" SOCIAL POOL GAME 


Consider several billiard balls on a table (FiEure 51 Each 
has certain attributes. Each moves at a constant JlJoelt;; af if 
propelled by sone inner force. The physical diase-^ r nf Is 

equal to that of every other ball. All nove ^thln a fixed soace 
OF >1°“ "fFFn O"' toll "ill on the average collldf with another 

will depend upon these three factors, velocity, diameter and area. In 
relationship to the of halls present In the area. Furthermore. 
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each ball from time to time develops a need state for contacting some 
other ball in an equivalent need state. Ball "A" with a bent arrow 
indicating its path of movement represents such a ball in the need 
state of encountering another ball in a like state. As shown, it 
does encounter such a ball. Each then gains from the encounter; each 
enters a state, which may be designated as gratification, that lasts 
for some time after the encounter. Residing in this state of grati- 
fication is indicated by the balls becoming stippled. After a speci- 
fied period of time elapses, each of the stippled balls will comp ete 
its stay in the gratification state and return to the state of need- 
ing further contact with other balls. 


One such ball, "B" , by chance encounters a ball which is still 
in the gratification state from a prior satisfactory encounter. is 
latter ball remains uninfluenced by the encounter with B ; t rema 
stippled. However, its failure to interact appropriately ^ 
of "B" transforms "B" into a state of frustration indicated by the 
ball becoming black. In like fashion, when another ball, » 

® ball in the frustration state, it too will be thrown into t e ® 
of frustration, in which it will remain for some 

Returning to the original need state for contact. At ^ 

is in one of thiee states: in need of contact, gratified from a 
satisfactory contact, or frustrated from an others 

furely by chance some balls will be frustrated more ^ 

The acre these balls are frustrated, the more they "iTl try t 
Ttm the field, the area within which meaningful are 

Jhey seek the side pockets of their area of habitation. Hera th^ at 
h visible to view; their "dropping out" leads to a 
” ttelr velocity li terms of the total path traversed In the 
Pportunity area over extended periods of time. 

Hacb we can assume other attributes gach con- 

\Z i^^°lves a particular repertoire con- 

toward the other, if the one or both in ="“3,3 of 

’^^'vardedl l.e., to be precipitated ^f^ot re- 

spocj .‘^“hlon. When any ball in a need state for c ^ refrac- 

‘“ry state ^W^oprlately , because the ball ^ this Inappro- 

gratification or it ^ ^ consequence. 

Us not have its own actions reward . aeain into 

become somewhat deviant as number of 

contact. Thus, in ones, a ball will 

experiences to the number of gratify ® ^g-oes increase. 
A3 a r deviance of behavior as frustrating P . respect to 

the members of the group will very with 
ocity and deviance of behavior. 

involved, the mtanslty °t let 


Two 


variables are involved, cne " -rea. Now lec 

'is assn-, number of individuals inhabiting t j.gpiicatlng 

balls have acquired the prope succeeding 

and of possessing a mechanism for passing 
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generations properties which will increase the likelihood of expres- 
sion of appropriate behavior. The most important of these relates 
to the intensity of involvement at the time of contact. Depending 
upon the nxnber of balls in the area, there is a specific intensity 
of contact which will maximize the amount of time spent in the state 
of gratification. This arises from the property of duration of re- 
maining in refractory states of gratification or frustration being 
proportional to the intensity of contact. There is another peculiar 
consequence of life within such a system of contacts; balls will 
attempt to maximize the amount of time spent in the state of grati- 
fication. This attempt has the consequence of producing an equiva- 
lent amount of frustration. Since this is the nature of life, the 
genetic basis of physiology for its proper functioning comes to de- 
mand experiencing of equal amounts of frustration and gratification. 


Alterations from optimum group size, chat is any change in the number 
of balls on the pool table of customary size, leads to an unbalance 
in fulfilling these two needs, l^hen coo few balls are present, the 
average ball will experience too little of both gratification and 
frustration. When the number of balls in the area reaches the square 
of the optimum number, every individual will essentially be frustrated 
as a result of every encounter since every other ball is essentially 
always in a frustrating refractory state. In this situation, every 
ball will develop maximal withdrawal, maximal reduction of velocity, 
ho ball will have any awareness of any associate, even though they 
^°8ether. So far our experiments have not fully 
conclusion, but they point in the direction of its 

correctness. 


rats "othais ly various names. Some are called mice, some 

with*lts snetteo*« ven fairly casual observation of such balls, each 
of the above fo^ attributes, confirms the general validity 

phenomena "HythenaUcariamL^^Thlf teS''r‘‘f 

of 1 * inis term reflects a core conviction 

ransfaf poLJrie ratratrernl!; « "f 

Intelllclble Tme ^ , *^®latively meaningless, and even un- 

0^4 £t"o^“i;o4^'th:rae:i^3j'’;hf 

tlon never ever expressed as such In ° ^ conceptual fomula- 

njth which forms tL only realltj! concept Is a 

In a later section ue will need recourse to a slnni , f 

one aspect of the above oythematlcal f^^^Ltio^'^ expression of 


' area Inhabited by B individuals 


V - average velocity of an Individual through A 
d - target diameter of on Individual 
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Where the individual is considered as a ball the 
target diameter is simply the diameter of the ball. 
In general, d encompasses any attribute which biases 
the probability that an individual will be detected 
and contacted by associates. 

A = communication constant reflecting the likelihood 
of contact 

Then: /i = dv/A 

when a species is in evolutionary equilibrium 


that IS to say: A = 1.0 and both d and v have the value, (A) 2. Each 
"111 change over time symmetrically with A. When I say that a species 
Is in evolutionary equilibrium, I mean that there is an optimum number 
“£ individuals inhabiting each unit of area, A. As a secondary a - 
^traction, and a more meaningful one, evolutionary equili 
“tes an appropriate number of contacts per unit time per indivi 
toeaximiee gratification, and as a by-product to produce an equiva 
lent amount of frustration. 

the COtlCEFT OF THE OPTIMUM (BASIC) GROUP SIZE, Nb 
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FIGURE 6 - THE IDEAL DISTRIBUTION OF H0^E RANGE 
CENTERS OF ASOCIAL MAMMALS 

The range of each individual about its center has 
the extent of the example shown by the circle. 
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ing the more primitive dispersion resulting from antagonisms will 
cone into play. Animals will begin to clump about those individuals, 
any set of them, whose ranges do not overlap. Individuals whose 
ranges do not overlap cannot know each other, and therefore cannot 
be attracted toward each other. The large circles in Figure 7 repre- 
sent three such individuals. The homesites of their neighbors are 
represented by dots, squares, or triangles. Each of the three par- 
ticular individuals we are particularly concerned with will attract 
to themselves their six nearest neighbors, whose original homes 
are represented by dots. Each of the three individuals shown, about 
when a condensation of social structure is developing, also has 
next-nearest neighbors whose homesites are represented by squares or 
triangles. 


riCURE 7 


^’^ensation 
5? dispersed 
WIVIDUALS mo 
SOCIAL GROUPS 



® ■ Individuals vhose ranges do not ^"individuals' 

Share nearest neighbors. These are alpha inoi 

Beta individuals; they form sets of six nearest 
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/l* gamma type 1, individuals, who nay be act 
either one of two neighboring individuals. 
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cither one of three neighboring alpha Indlv 

«><« e 1? indlvidualfl 

vi»i,^^^^cnsation leads to an average group o 
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Consider one of these neighbors whose home range center is re- 
presented by a square. It lies halfway between two of the Individuals 
about whom condensation of the social structure is taking place. It, 
thus, has the opportunity of becoming attached to either one of them. 
Let us designate as alpha individuals the ones to whom associates are 
being attracted. Then it may be seen that each alpha individual has 
siN of these next-nearest neighbors, each of which has a 50-50 chance 
of being attracted to him. On the average, each alpha individual will 
have three of these next-nearest neighbors attracted to himself. By 
like reasoning, each of the next-nearest neighbors, whose homesite 
is shown by a triangle, has a one-third chance of being attracted to 
each of its three alpha neighbors. Since each of the alpha indivi- 
duals has six such next-nearest neighbors, he will on the average at- 
tract two of then to himself. Thus, by this condensation process, 
the average social group will come to be comprised ofl+6 + 3 + 2 
= 12 individuals. 


At first, such groups are hardly recognizable as such. The 
alpha individuals's neighbors merely shift their homesites slightly 
toward his. Over considerable evolutionary tine, the group further 
condenses until all members live at the same place or may even move 
together through their now common range* Among the many species of 
nannals which have developed an optimum or basic group of 12, there 
is the Norway rat, several species of primates and nan himself. For 
the purposes of designating the optimum group size, socially imnature 
individuals d.o not count. These immature individuals must mature 
within the social context of en approximately optimum sized group, 
but for our present purposes they must be considered as comprising 
essential background noise. 


Maturing Individuals will eventually enter the adult ranks. 

“ fcnbers o£ the parent group as long as 
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12 to Ik adults [19: p. 335-367, 20,22]. Presumably this role differ- 
entiation, making possible an increased group size, has also been ac- 
companied by the evolution of more effective means of extracting 
energy resources. We can see a similar process in operation among 
the Hutterites of South Dakota, Montana and Canada. With upwards of 
four children per family, the optimum total group including children 
appears to be about 75. This is indicated by the fact that when the 
total group reaches 150 it divides and one half must seek a communa 
farm elsewhere [1: p. 298, 32,33]. This indicates that the optimum 
group size has increased to 2A. There is little reason to antici- 
pate that this increase has been brought about by genetic changes. 

We must, therefore, conclude that role differentiation among the 
Hutterites is just sufficient on a cultural basis to make the over- 
all group essentially two groups of 12 sharing the same area t roug 
restricting with whom it is appropriate to interact. Then, in so 
far as any individual is concerned, the number of his interac ion 
per day will remain much as it was within a primitive 
group of 12 adults. No doubt the Hutterites have been pie to p 
proximate the Eden state of incipient agriculture. Arpeologica 
studies of Jarmo m Iraq of nearly 10,000 years ago ^ ^ 

tHls early agricultural society was able to aooroach 

pal group size of 150 individuals [A], And yet, by ^ 

JoanEdenic way of life, the Hutterites confirm my 
inevitability of the origin of behavioral 
as as an unavoidable consequence of group lira I • P» 

earf/"? of this inevitability is not if there 

wnlcular search. Rather, it has been to try ^nd dttermin ^ 
y be a logical basis for determining what the op 
on earth may he. 
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Romer's Rule proposes that there is survival of the weak; survival 
of the meek. This proposal conforms to my formulation that rejection 
and withdrawal preceding reestablishment of a normal way of life is 
essential to creativity. 

Now let us look back upon primitive hunter-gatherer man, who 
for countless millenia had followed a very simple and extremely 
slowly changing way of life. In so long as new terrain remained for 
groups budded from former ones to enter, there was no impetus for ra- 
dical change. The old way of life could be reduplicated. However, 
at some point in time, extensive land masses became filled with these 
small bands containing an average of 12 adults and 18 children each. 
Each band roamed over a range in radius. Although each band might 
temporarily reside at several sites, the site most frequented lies at 
the center of the range. The points in Figure 8 represent these most 
frequented sites, which will simply be referred to as the village 
site. Just as with the home range centers of small asocial mammals, 
the village sites must be uniformly distributed with a l<f interval 
between them in order to achieve the most efficient utilization of 
resources by a large population of bands. Once this state of affairs 
had developed over extensive regions, there existed no further place 
to go when groups increased to a size dictating that they split and 
one move away. They then faced a real dilemma. The need to maximize 
gratification demanded that there be a constant area for each group 
in order that the appropriate number of contacts per unit time would 
be realized. Since this need is grounded In physiology determined by 
heredity, this means that in so long as heredity remains essentially 
unchanged, there oust remain as an invariant a particular sized area 
per adult individual. 


Even though there was no more space to Invade, man's ability to 
maintain natality greater than mortality tended to force the size of 
groups to increase. The conservative response was to increase mor- 
tality by inter-group fratricide or intra-group infanticide. Obvious- 
ly this is an extreme oversimplification, but it does reflect the 
character of the conservative traditional response. At some point 
in tine, some downtrodden group or groups discovered a new kind of 
space, a new kind of area they could move into. I shall call this 
conceptual area". For the group to double in numbers while resid- 


ing in the same physical space, it must acquire a conceptual area 
equivalent to its physical area. In this sense, conceptual area 
amounts simply to the acquisition of values and codes which permit 
role differentiation to the extent that, even in a double— sized group 
in the original physical area, meaningful social contacts would con- 
tinue at the rate necessary to maximize gratification. In all pro- 
bability. the first major role differentiation involved a culturally 
defined sexual difference in nodes of extracting food and related re- 
sources. In fact, it was probably the need to discover more efficient 
means of extracting such resources by a denser population that first 
precipitated the development of the new roles and the new technologies 
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which conprised the discovered conceptual area for invasion and ex- 
ploitation. 

Discovery of any new parcel of conceptual space requires retreat 
into another kind of space, the world of fantasy, a creative space. 

By analogy this creative space is Involved in a creative communica- 
tion constant, , where 


>l' = d*v*/A* 

Here A’ is the creative fantasy space, where the withdrawn individual 
generates objects for interaction out of his store of memory traces. 
These may be fantasied other people, but may just as well be any re 
arrangement of information which he finds pleasing, v' represents 
a sort of velocity with which the individual moves among the objects 
of his intellectual creation. Similarly, d’ represents a sort of 
target diameter of the fantasying self and of the ideational objects 
created which permit them to contact and interact. The most int^a e 
intense of these fantasied interactions culminate in an inteilec- 
tual orgasm, the eureka experience of the truly creative 
etreat into fantasy area by some, members of the group is ® P * 

® e to developing the concepts which form the structures w 
“nceptual area to expand in harmony with population 
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nore than two times the original optominii number. By this time the 
typical village will already have participated in the emerging Agri- 
cultural Revolution. Each site will have become more firmly fixed 
in space. Condensation or crystallization of the social structure 
by such union must proceed without the shifts of location that char- 
acterized the much earlier formation of compact groups from dispersed 
individuals. This restriction on shifting requires that the ranges 
of influence of village sites, about which this social condensation 
develops, must be packed as closely as possible without overlapping, 
since such overlapping would produce initial undesirable disharmony. 



FIGURE 8 - FORMATION OF UNIFORMLY SCATTERED VILLAGE 
DISTRICTS WHICH LATER 
COALESCE INTO A SINGLE "CULTURE AREA" 

Village sites are 2^ distance In miles apart. 

® - Village sites which will become district capitals. 

influence of a district - Sgr , where 
aaer<;„ f. South toierica and Meso- 

u:8« 
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The ranges of influence of three such villages are shown as 
circles in Figure 8. It will be noted that each such range having 
a 3j/'radius encompasses the locations of six other village sites. 
Together they form a "District". With further increase in total 
population over an extensive area, development of messengers and 
traders as specialized new roles forming a part of the increased con- 
ceptual area permits adjoining districts to be bound together in a 
single socio-political union. The topography of the distribution o 
districts makes such union most practical and efficient, if one sue 
district dominates its six nearest neighboring districts. To s ow 
the relative extent of such an assembly of districts, a hexagon may 
be circumscribed about the ranges of influence of the periphera s^ 
districts. This is the outer hexagon shown in Figure 8. will be 
noted that I have included a range of 110 to 117 miles^^as e ning 
the distance across this complex, which I define as a cu ture a 
Obviously, I have adapted this term "culture area" m the 
specific meaning from its more general usage by Kroeber an o 
US], What IS not apparent is the origin of the distances rep 
ng the more common expected diameter of the hexagon enc os 
culture area, 
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According to the present theory, the culture area forms a mold 
which will be preserved and reflected in much later spheres of socio- 
political influence. One such type of sphere of influence is repre- 
sented by the central place theory of economics which identifies 
hierarchical overlapping spheres of influence of successively greater 
scope within which a single city serves as a focus for and encompasses 
all smaller areas of influence. Woldenberg’s recent synthesis is 
particularly instructive [AO]. One of his examples is that of Chris- 
taller’s study of eight such spheres of Influence dominated by Strass- 
burg, Trankfurt, Stuttgart, Zurich, Munich, Nuremberg, Linz, and 
Pilsen. Each presumably represents the long aftermath of culture 
areas established several thousand years ago. These eight cities 
provide 13 inter-city distances with an average of 110,5 miles, which 
I have rounded off to 110 miles, which gives an estimate of 7.0 miles 
fox the range paxanetex of an original village site according to 
the present model as shovm in Figure 8. 

These two examples of estimating the range of a village merely 
serve to indicate the quite crude methodology for making this intui- 
tive hypothesis of culture area mote specific. Other much more gen- 
eral indications of support for the idea are provided by examples 
which seem to conform to the hypothesis. For example, there are the 
seven Basque "nations". These "nations" correspond to the districts 
of the present formulation. Similarly, there are the seven sheikdoms 
of the Trucial Coast, or we can note that the Romans divided what is 
modern Portugal into three administrative units, each of an area com- 
parable to a culture area. 

All of this focus on the concept of culture area was directed 
toward establishing a basis for predicting the upper optimum limit 
of World population. For this effort to be successful, it was ne- 
cessary to establish how far population growth could continue within 
a culture area as a consequence of expansion of conceptual space 
that did not go beyond inclusion of socio-political union that was 
confined within the culture area itself. One of the initial clues 
involved the report that Alvarado met a force of nearly 30,000 war- 
riors when he invaded Guatemala. Portions of my earlier theory on 
the evolution of social groups suggested that 7/12 of the basic so- 
cial groups represent the more dominant segment. If the maximum 
fighting force at full development of the culture area as an isolated 
independent socio-political unit Included 7/12 of the adult males, 

It would take a total population of over 200,000 persons to muster 
such a force. 


Attaining this number involved several doublings of the popula- 
tion within the culture area and consequently several doublings of 
the conceptual area. Looking back to the time when the culture area 
was first fully settled within primitive hunter-gatherer groups, the 
otal population included 61 bands, each on the average with 12 ad- 
u ts and 18 children, making a total population of 1,830 individuals. 
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This formulation assumes complete similarity of phasing of development over all time 
over all the world. In a more general application to the real world coalescence of 
City States" into "Nations" begins with the local development of a technological- 

revolution paralleled by comparable increases in philosophical conceptual 
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an isolated socio-political unit, it will include a total population 
of 3,279,360. By a similar process, seven nations can unite to form 
an 'empire”. This union will permit the population of each contained 
nation to double to 6,558,720 and the empire will therefore contain a 
total population of 45,911,040. By a similar process, seven empires 
can unite into a "league”. This will permit the population of each 
empire to double to 91,822,080, and thus the league will contain a 
total population of 642,754,560. Again by a similar process, seven 
leagues will unite to form a "world union". This will permit the 
population of each league to double to 1,285,509,120 and the world 
union to include 8,998,563,840 individuals. This "nine" billion is 
the optimum upper world population. This process is summarized in 
Table 1 .* 


Completion of this process requires 7^ or 2,401 culture areas. 
Since the average culture area covers 11,840 square miles, the worio 
®wnBin include a minimum of 28 million square miles. (It is o " 
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individuals in a common aommmicatum netaavk. SoM-politT^al 
union enhances the enlargement and effectiveness of such ne-^orks. 
Such union mil continue until the entire World population becomes 
incorporated into a single network. This point will arrive when 
the world population reaches nine billion, I'or this reason;, nine 
billion IS set as the optimum world population in which individual 
human beings serve as the primary nodes and the primary links in 
the ooiwrun'L-oatton network.. 

CONCEPTUAL TARGET DIAMETER AND VELOCITY 


I have earlier indicated that where life was primarily confined 
to functioning within physical space, contacts culminating in grati- 
fication and frustration are influenced by a communication constant, 

/(, where dv/A. By analogy contacts relating to life within con- 
ceptual space are similarly governed by another communication con- 
stant, V'* = d"v‘'/A". d" represents conceptual target dia- 

meter, that property or consequence of the store of concepts which 
the individual has been able to acquire and utilize for both mining 
resources and control of contacts with associates. Similarly, con- 
ceptual velocity, v", represents a kind of movement through the con- 
ceptual space of available information in a manner which permits suf- 
ficient acquisition of concepts to maintain the individual’s target 
diameter, or to enlarge it as the population increases or as the 
number of others met increases. Conceptual velocity represents the 
cortical processes of scanning or exploring conceptual space. A”. 

The evolution of the genus Homo involved a mote rapid increase 
in cortical mass in proportion to body mass than had been true among 
other mammals. This increase permitted each individual within its 
own life span and solely by its own experiences to learn more effec- 
tive ways of coping with the environment. Then, as Homo sapiens 
emerged within the genus, increase in cortical mass gradually ceased. 
This cessation was brought about by the gradual acquisition of the 
capacity for creating conceptual space and the ability to pass most 
of its structure on to the next generation. At the time when we may 
say that Homo sapiens had clearly emerged as a cultural species, as 
distinct from the physical attributes which define him as a biologi- 
cal species, the conceptual space or conceptual area available to 
each individual became equivalent to the physical space available to 
him. At this time, A — A , As we will shortly see, this time may 
be approximated as 38,710 B.C. a tune at which, if the world of 
man were developing uniformly, there would have been 146,461 primi- 
tive bands at the 12-adults-per-band stage. With their children 
they formed a total population of about 4.4 million. Since man as 
a truly cultural animal, one with the ability to generate conceptual 
space, likely emerged first in the more crowded central portions of 
his range, the actual date of his first cultural emergence must have 
been somewhat before 40,000 years ago. In any case, at this time of 
emergence man must have been in equilibrium with his conceptual space. 
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Therefore, 


^ d'WA" = 1.0 

At this time it may also be considered that d" = v". It follows 
that both d" and v" = (A)^. 

At some time in the distant past, man utilized his cortex to 
the extent of incorporating a unit of conceptual space equivalent 
to the physical space in which he lived. At this time, we may view 
the actual diameter of the head as representing the degree of uti- 
lization of the cortex and thus equivalent to conceptual target 
diameter. Later enlargements of conceptual target diameter thus 
may be depicted as enlargements of the head, while the rest of the 
body remains constant in size (Figure 12). Where d^ stands for 
diameter of a sphere equivalent to that of the utilized cortex 
then; 


d/. = 2(A*') 1/6 

Obviously, there will arrive a time at which maximal utilization of 
cortical mass will be attained. Since population growth, which 
permits realization of individual potentialities, depends upon 
continual expansion of conceptual space, it follows chat, when m^i- 
nal utilization of cortical mass is reached, any further l^^ceas 
in numbers will lead to a decline in effective realization ot p - 
tentlalities, since the extra individuals will impede ajquisiti 
of relevant information. By some strange coincidence, it 
though maximum use of the cortex will actually arise at 


Let r^ , d^and Am represent radius, diameter, and volume of^ 
a sphere representing utilized cortical mass. And ®c>ploying ^ 

0 the sense of "proportional to'*, we haves 
fa from Che logic iu the Cext d" - (A")% - A^. Therefore: 
(dyzjd; d^= 2(A^)1/3. 


In the latter equation, we have 
_£ a1 rfnu 


Substituting (A")*^ => A In the latter - - 

2[(a")> 1]173 = 2(A")l/d. d,.'s at times of sequential doublings 

of A’ were calculated. These, Clth slight modifications for a 
fr purposes were utilized in the preparation of Figure 12. 

that d./<- 2(d")l/3 UP d” - tdV2]3. The concept^o 

‘”8et diameter [9,10], elaborated this contact 

•'rough a transition from mere body width or diameter increased 

of other attributes, such as plumage or stance, “hlch Increase 
ho likelihood of two Individuals Interacting. J Ageing 

tont Include any force or condition nnnsc of 

d" ^•’lllky 1° acquire and utilize fashion In- 

fl FepresenCing conceptual target diameter, 

Cnees whether or not two individuals will inter 



368 


J B CALHOUN 


of reaching the optimum upper level of population. However, it will 
be necessary to develop the formulation a little itioxe before return- 
ing to that point. 

Me also need to inquire further as to the meaning of conceptual 
velocity. If the logic being developed here is correct, movement in 
physical space and movement in conceptual space should have much the 
same properties. You will recall from the earlier discussion of 
making empirical operational measures of velocity in mice, that our 
procedure was to record how often each individual was noted moving 
through its available physical space. All such movement is noted 
during episodes of locomotion between which the mouse was asleep or 
engaged in some nonlocomoting activity. The final index of velocity 
results from the interaction of two variables, how frequently epi- 
sodes of locomotion begin and how long they last. We shall here 
only be concerned with the latter. Each episode of locomotion is a 
particular instance of the behavioral state of moving through Che 
physical environment. When a large sample of such behavioral states 
is examined with regard Co their duration, it is noted that all last 
at least for a length of time, T, and there is some maximum duration 
beyond which no instance extends. Then the span of time from the 
end of T to the maximum duration may be divided into a number of 
class intervals of length, c, and the number, N, of behavioral states, 
of each class interval of duration tallied. When this is done, as 
we have done for many large samples obtained in our studies of rats, 

H as a function of T + t forms a negative exponential curve as shown 
in Figure 10. This is the most common pattern. Such results mean 
that after any /3 has continued for a duration of time, T, there is 
a constant probability, p’, that it will terminate in the next unit 
of time, t, regardless of how long it has already lasted. 

However, if we select a sample of episodes of locomotion in 
which each instance was preceded by a relatively long period of other 
activities or states than locomotion, a pattern having a much longer 
mean duration is revealed. The change in pattern in the shorter du- 
rations is that shown by the trend of the open dots in Figure 10. 

The interpretation of this change is as follows; Beginning at the 
termination of time duration, T, there is a marked inhibition of the 
impulse that terminates the behavioral state. The longer the behav- 
ioral state continues, the less strong is this inhibitory influence, 
until, at a time denoted by the Intersection of the two lines of Fig- 
ure 10, it no longer functions. Beyond this time the constant proba- 
bility of the behavioral state terminating in the next Interval of 
time, t, holds as in the first pattern described above. Although 
this description is presented here because it describes the behavior- 
al state of locomotion from which estimates of velocity are obtained 
in the free-tonging situation of animals as members of social groups, 

I wish to point out chat this transition from the first to the sec- 
ond pattern adequately describes the whole repertoire of behavioral 
states in the rat. It holds for the behavioral states of eating, 
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FIGURE 10 

THE DURATION OF 
BEHAVIORAL STATES 



I ' 

OUIlAT»ON,4,Of KHAVIORAL STATE, ^ 
IN T *t UNITS OF TIME 


Pattern One is that of the solid points only. 

Pattern Two has a shift of the shorter durations 
to that shown by the open dots. Shift ’ 

tern One to Two produces a doubling of t e 
duration. 


'■'InUng, self-directed ectrvrtres we pool under f 
«tion of "grooming", as well as for three distinct 
n fact, it appears that we have discovered a has c p 
^nctioning of the central nervous system,* 

If this is so, it should apply to behavioral of 

the elaboration or entrainment of concep s instance 

toHavioral states. Every written paragraph ' be rea- 

a behavioral st^e. The duration of paragraph-. na> 

formulation of the CNS control of pf rat behn - 

duration of behavioral states based on ® able to cil- 

J renalns to be published. Essentially, wc ^blch per-lt 

the probabilities of functioning of four tl-e. 

0-„ oonprehenslve description of changes ” . and thi 

fe- initiation of behavior; two. Its tc 


"'tth, the likelihood of entrainment. 
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sured as the nximber of letters each contains. Two samples were se- 
lected to explore this problem. One consisted of 3,198 paragraphs 
selected from about 7,000 pages of literature relating to popula- 
tion and mental health. These paragraphs were judged to include 
particularly cogent formulation of theory or insight. This sample 
conformed to the second pattern described above and had an average 
duration of 826 characters. The second sample consisted of 1,171 
paragraphs, nearly the whole book, of Norbert Wiener’s "The Tempste.r^ . 
This book was selected because we have good reason to believe that 
Wiener ranked among the top in recent tunes in being able to elab- 
orate complex conceptual sequences, and yet in this book he was re- 
sorting to an age-old device of storytelling. Although N of ^ as 
a function of T + t also conformed to the second pattern, the aver- 
age number of characters per paragraph was much less, only 396. It 
is obvious that storytelling forms a distinct behavioral state from 
that of the formulation of concepts into complex insights. But of 
ouch greater importance here is the confirmation that the behavioral 
state which reflects velocity in physical space has a similar basis 
in central nervous system function as the behavioral state which re- 
flects velocity of movement through conceptual space. 

CULTURAL REVOLUTIONS AND THE INCREASE IN NUMBERS OF MAN 

Von Foerster and his colleagues have made an analysis of the 
numbers of nan on earth based on the past 2,000 years 138], This 
analysis is most cogent for the present inquiry. In essence, they 
found that each successive doubling of the population required only 
half the tine necessary for the prior doubling,* Presumably this 
characteristic of population Increase extended far back through the 
history of the species, at least as far back as the time when coo- 
nunication between contiguous bands enhanced the ability of the mem- 
bers of each band to cope with the contingencies of their physical 
and social environment. Likewise, this process leading to a con- 
tinually shorter time between doublings of the population will pre- 
sutaahly continue for some time Into the future. However, as they 
point out, this process cannot continue for very long into the fu- 
ture, because, if it does, each successive doubling will be requir- 
ing an extremely short tine, nearly Infinitely short. This time, 
to, at which the population becomes unbounded, they term "Doomsday" 
and calculate as 2027 A.D. 

Doomsday has several closely related implications. It means 
that the unique process of population increase, which sets man off 

* The von Foerster equation (9,10] for calculating the total 
population at any tlmcC, the number of years before 2026 A.D, 

(the date at which the population will go to infinity if the pat- 
tern of increase over the past 2000 years continues), Is 
N « 1.79 X Since the exponent of < could be at 

least 0.999 we have considered it to be 1.0 in the interest of 
symmetry . 
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as a cultural species as distinct from his existence as a biologi- 
cal one, must soon terminate, unless he is to continue as only a 
biological species. It follows that Homo sapiens must cease as a 
species set off by a set of characteristics which to date have made 
bin distinct. Examination of the past historical process is re- 
quired to gain an insight into what sort of species he must become 
if he is to survive. The Von Foerster equation permits calculation 
of the dates at which a series of doublings of population, as shown 
in Figure 11, leads to the optimum population of nine billion. 


figure 11 

the von foerster curve 

OF INCREASE IN WORLD 
POPULATION OF MAN 
during the sapient 
domain OF EVOLUTION 



have already pointed out the reasons for anticipating th , 
of man as a cultural species about ^0,000 
ng of population would require a doubling o more slowly. 
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nvolt^” history which I will cert. 

* a complete reorientation in the manner elaboration 

■s of nature are perceived. Each 
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FIGURE 12 

THE CONCEPTUAL 
HOttUNCULUS 


I have tried to sumnarize this whole process of progressive 
transformations as a "conceptual homunculus"* The body of man has 
remained his earlier biological self, but the degree to which he 
has effectively utilized his cortex has continually increased. In 
Figure 12 the diameter of the head is proportional to conceptual 
target diameter, d". This figure indicates the degree of enlarge- 
ment of conceptual target diameter at the time of each of the revo- 
lutions. Each revolution is given here a single name. However, 
each should be designated by a hyphenated term reflecting the new 
"perspective" and the new means of "coping". I will attempt this 
here, but will leave to others better grounded than I in history, 
philosophy and futuristic scenarios to characterize these revolu- 
tions more effectively; 

1. The Traditional-Sapient Revolution of about 38,710 B.C, 

Tradition and myth formed the core of the new perspective which 
permitted the concept of existence to be extended back Into the past 
and, to a much lesser extent, to establish the expectations of the 
future. Codification of knowledge resulting from experience became 
the basis of the new means for coping. 


ievoiutionS 
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2, The Living-Agricultural Revolution of about 8,157 B.C. 

The term, "living" as a new perspective implies an awareness 
of life as a continuing process of birth, development and death, 
with a dependence of one species upon another. Agriculture, as a 
way of coping, represents a conscious, but empirical means to mine 
resources more effectively. 


3. The Authoritarian’-Religious Revolution of about 519 

The prior perspective of awareness of life culminated in the 
conviction that there must be some directed design of the forces 
guiding nature and the destiny of man. Revealed formulations of^ 
the design, which demanded conformity of response to them, comprise 
the new format for coping. 


The Holistic-Artistic Revolution of about 1391 A.D_^ 


Further reflection on the question of design produced ^ P ^ 
vading feeling of wholeness, accompanied by a tendency to w 
from the daily routine of life in order to pursue its search, mis 
lead to an apparent dichotomy of designs for coping. On t e one 
hand, we find artistic expressions spanning philosophy, P°® , 

painting and sculpture, while, on the other hand, ^his e o , 

oinated in empirical technological procedures and machines-- 
reorientatlon commonly designated as the Renaissance per o . 


5. 


the Sclentlflc-Exploltlve Rpvolutlon ot about 1B68 


the Holistic perspective of life lead ^ ^'^™'^f''^t,P^rIeslEn of 
tesses involved in producing change in some portion o "Sci- 

"««e. He speak c£ the employment of this iTtl tech- 

“Mflc Method". Resultant insights are then transformed 
“logical devices or procedures for exploiting nature fo 
of man. 


The Co mmunication- 

gradually arose a time when partfcular- 

Lv . ot a much enlarged communication netwo P process 

» looffectlve. Furthermore, the capacity of the oortex to p 
^'““atlon necessary to formulate concepts hecaBe surpasse^^ 

IS an .^^or limitations forced upon us the new p of 

fteors "formation exchange network and lead ° ^ 3 nd condensing 

Of j electronic technologies for the deference to 

"he means for enchanced ooplng. derall- 

Ceat- ,0 premonition of a possible cour ^ calculated 

tSe revolution 139] , I have slightly altered 

this revolution to 1984 A.D. 
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7. The Compassionate-Systems Revolution of 2018 A.D._ 

Use of the texm "systems" to designate the new means for coping 
also reflects the new perspective. As an outgrowth of information 
theory relating to the transfer of information over networks in con- 
junction with the related development of the field of cybernetics , 
there arose a body of concepts designated as "general systems theory" 
[37], This theory views all of nature and all of human activity as 
a hierarchically arranged structure of levels of interlocked subset 
systems in which the process of any particular subset system affects 
and is affected by other subset systems at its own level, as well as 
below or above it. We are now moving into an era when this perspec- 
tive (involving the related techniques and strategies for designing 
and guiding interrelationships, and for permitting self-organization 
of subsystems) has become imperative. Selection of the term "com- 
passionate" to designate the perspective of this revolution requires 
comment . 

Roles requisite to the adequate functioning of subset systems 
will continue to increase in both kind and number. Fulfilling each 
role requires maximizing the particular set of values requisite to 
its expression. And yet no one role can be fulfilled unless all the 
other roles are being adequately met. This means that the diversity 
of values guiding action will increase. Furthermore, the present 
era of radical change will become intensified as the character of 
roles needed to meet new functions also changes. Thus, in the pre- 
sence of this increased exposure to value conflict, there will be 
required an augmented awareness of the necessity for others to main- 
tain value sets differing from one's own. Furthermore, realizing 
one's own functional role requires expenditure of considerable ef- 
fort in assisting others to fulfill the objectives of their value 
sets. It is this awareness of, and participation in, the realiza- 
tion of values held by others which characterizes the compassionate 
perspective. This perspective also Includes an awareness that many 
individuals will experience extreme difficulty in developing and al- 
tering their roles and value sets in accordance with the demands of 
an overall system which is changing and becoming more complex. Hold- 
ing to this perspective further requires marked attention to assist- 
ing others, whom we ourselves might earlier have been, to recoup from 
this hopefully temporary derailment. In this recognition and imple- 
mentation of the rights of others, compassion becomes a sublimated 
and transformed submission. There are other parameters of perspec- 
tive and coping Involved in the compassionate-systems revolution 
which I will return to after giving consideration to the implications 
of attaining an optimum upper world population. It will also be 
noted that I have listed the date of 2027 A.D., with possible con- 
tinuance to 2400 A.D., as the time of the compassionate-systems 
revolution rather than the calculated date of 2018 A.D. This is 
because of its convergence with "doomsday" and the forthcoming tran- 
sitional period into a new domain for further evolution. 
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THE SZILARDIAH DOMAIN OF EVOLUTION 

Slowing down Che present rate of population Increase so that 
the ultimate maximum world population will not greatly excee e 
optimum of nine billion requires continuing attention 
ent efforts to reduce birth rates. It is quite likely that Ae rate 
of reduction in births will be insufficient to prevent an ove 
in population above the optimum. What this overshoot wi ® rhaf 
be estimated with any reliability at present. ^ ^ maviTnum 

this overshoot can be kept to no more than 13.5 bi , - 

world population. Were the world population to ou e 
billion optimum to 18 billion, it might prove extreme y i . 
curtail this process of continuing population increase. . 

sume that the present apparent rate of curtaltaent ° 

crease will continue to become more pronounced, t r,nnnlation 

this slowing down will not culminate in the maximum world populatio 
of 13.5 billion until about 200 years from the present. 

Whether or not there is a gradual ^^^^pogsibillty 

lation to the optimal level, we will be faced w between 

of a continuing and relatively stable o-ulation for 

9.0 and 13.5 billion. This continuance of a stable 
^ very long time raises some interesting quest o . course 

these is the problem of conceptual space. So ar . ^ jjyal 

of the evolution of man as a 'cultural species „ith a 

progression of a doubling of conceptual space P -lationshlp 
doubling of population. Maintaining this histor increase 

“Piles that when population growth terminates, ® n target diam- 

0 conceptual space terminate. Likewise, the , equivalent to 

eter of each individual will stabilize at ^ magni 

the square root of the conceptual space av-ailabie functions will 

Jhat the total Involvement of man in static system. 

will.become partjf capacity for_ 


constant. He will become part of an capacity for 

environment of man will have reached have a car- 

^ncepts. Similarly, the habitats of all ^ g there will be 
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FIGURE 13 

THE SAPIENT AND SZILAEa)IAN DOHATNS OF HUMAN EVOLUTION 



SPACE AND THE STRATEGY OF LIFE 

for future human evolution which may be summarized as follows: 
1, Traditional Encapsulation 


377 


This is the case where world population becomes fixed near the 
upper optimum of about nine billion. There will be no need for con 
ceptual space to increase. Preservation of the past conceptua 
space and all its informational denizens will assure that each per 
son develops only that conceptual target diameter, that in ivi ua 
conceptual mass, which will permit him to fulfill one of 
able static roles. Little occasion will arise for any in vi ua 
to deviate from the exact pattern harmonizing with a tra itiona 
niche he entered early in life. Few will ever encounter challenge 
or crisis. Man will have achieved the bliss of lungfis • ^ 

balized spoonerism at this point was the "blish of ung is ’ 
these inhabitants of Lake Manyara in Tanzania, we vnid- 

vered how to encapsulate ourselves in a conceptual mu a , ^ 
ing all opportunities and challenges. By i,ecin- 

enter a traditional tribal way of life resembling t a a tribe 

ning of the human experience, with the exception t at a s 
would circle the globe, 

Maximizing Biomass 
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The course of human history has been one of placing increasing em- 
phasis on individual development, despite the necessary focus on 
the integrity of enlarging groups. We, therefore, need to examine 
the path of this option and the price it will exact. 

The left-hand side of Figure 13 duplicates Figure 11 except 
that, beginning at about the present, a decrease in population 
growth will permit avoiding the doomsday effect. Then natality will 
balance mortality. Included in this portion of the Figure are the 
conceptual revolutions, indicated by circled dots, as described 
above. Another, and the initial revolution, which was not discussed 
above is represented by the attainment (about 160,922 B.C.) of a 
stage of development of Homo erectus at which there began a very 
gradual recruitment of conceptual space. This culminated in the 
transformation of this species into Homo sapiens . Ordinate scales 
for conceptual space. A", and conceptual target diameter, d’*, are 
so constructed that their changes in magnitude over time are also 
represented by the same left-hand curve as represents increase in 
population. 

Provided that birth control becomes sufficiently effective, a 
decrease in population can set in which will permit the world popu- 
lation to decline from an overshoot level back to the optimum of 
nine billion. This number reflects that population at which further 
socio-political union can no longer contribute to the effectiveness 
of communication among its members or the increase In their concep- 
tual space. It is appropriate to designate this time as "dawnsday", 
for it introduces the opportunity of entering a new domain of evo- 
lution. I can only guess the duration of this lag-time, L, between 
doomsday and dawnsday. I have arbitrarily assigned L « 373 years. 
For this degree of decline to be realized, there must be a period 
before dawnsday during which there is about one child produced per 
female. 

As population begins to decrease, it will then be possible for 
conceptual space to again begin increasing and still maintain ideo- 
mass constant. The issue then arises as to the nature of the rate 
of increase in conceptual space, as well as the rate of decrease in 
population after dawnsday. Dawnsday is approximated as 2400 A.D. 
After dawnsday, conceptual space will increase in a reciprocal fash- 
ion with respect to time as it did before doomsday. This increase 
in conceptual space permits the population to decrease within AO 
years after dawnsday to the same number as about AO years before 
doomsday. That is to say, there will be the same population in 
2AA0 A.D. as in 1988 A.D. It may be noted that both population and 
conceptual space doubled twice in the 120 years up to 1988 A.D. If 
conceptual space doubles twice In the 120 years after 2AA0 A.D,, 
population must drop in half. During this 120 years, conceptual 
target diameter would have doubled and, thus Nd" would maintain 
ideomass, 1, constant. As the population decreases, it will require 
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its menbers a longer time to create doublings of conceptual space. 
Every time conceptual target diameter doubles and population halves, 
ve nay anticipate a conceptual revolution of perspective and means 
of coping comparable to those which preceded doomsday. The time 
intervening between any two successive revolutions will be four 
tines that between the first of these two and the one which preceded 
it. This is exactly the reciprocal pattern of the time sequence of 
conceptual revolutions before doomsday. 


Continuation of this process would ultimately lead to a t e 
'rtien target diameter approaches infinity and population 
zero. This is an unreal time, in the sense that it is many , 1 °”^ 
of years away. However, we need to examine the implications of 
Increasing as N decreases. A reason for the electronic revo u 
is that we have approached a limit of the cortex to process n 
tion necessary for its codification into concepts. By the 
i^en, we are in much more difficult straits with regard to t ® ^ 
ty of the cortex to integrate and condense concepts to t e p 
they represent sufficiently significant units of creativ ° 
large conceptual space. This means that we will shortly ne 
ttonic prostheses which will function much as does ^ur core • 
hecoae linked to these to permit further enlargemen 0 cortex.* 

tual target diameters beyond the limitations impose ^va-a-ter of 
Such coupling with thinking prostheses represents the ch 
he evolutionary progression after dawnsday. All “ ^ elab- 

« conceptual target diameter after dawnsday will 
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in conceptual target diameter continues ercctus 

"nsday as the human experiment continued -^tuaT'earget 
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Leo Szilard who visualized its arrival, Szilard in his short^^story. 
"Calling All Stars”, projects to a time on a planet he calls "Cyber- 
netica", when the population of thinking organisms had already gone 
to zero and all that remained was 100 minds, 100 thinking prostheses, 
then subservient to beings living on the North Star [35, p.l22]. I 
find it difficult to believe that Szilard was just spinning a yarn, 
but rather that from the depths of hxs insights into nuclear physics, 
coupled with his deep concern for human survival, there was a premo- 
nition of the possibility of the course of the third option I have 
been outlining. 

For this reason, I wish to designate the domain of evolution 
from dawnsday to as the "Szilardian Domain of Evolution". At 
its inception it will no longer be appropriate to designate man as 
Hono sapiens . He, rather, must be given a specific name reflecting 
the developing linkage with thinking prostheses. At that time it 
nay be appropriate to designate man as Homo leo for a dual reason. 
This specific name reflects Leo Szilard’s vision. It also reflects 
the propensity of nan to develop commensal relationships. I have 
in nlnd here a commensal bond between earlier forms of man and the 
lion, Felts leo , which permitted them both to evolve. This hypothe- 
sis of mine of this earlier commensal relationship must remain in 
its present fora as a mere assertion until I have completed further 
documentation. 


CONCLUDING REMARKS 

One normally thinks of space in one of two general ways. Dur- 
ing the past few years the attention given to launching man into ex- 
plorations of interplanetary space has focused so much on this view 
of space chat we have tended to ignore ways of viewing space here on 
earth. Perhaps the present efforts to explore extra-terrestrial 
space will have a bearing on the Inception of a domain of evolution 
involving communication between planets which will follow the Szilar- 
dian domain of evolution. With regard to space on earth, we view it 
from its dimensional properties, from its structural content, and 
from the activities which take place within it. 

My whole career has been dominated by a concern with physical 
space as it relates to the welfare of members of contained indivi- 
duals and the growth of populations. In 1955 Leonard J. Duhl and 
I organized a coonlccee for considering "The Influence of Physical 
Environmental Variables on Mental Health",* Under Duhl's leader- 


* Beside Che organizers, the initial members who remained as core 
participants throughout the several years of meetings were; Cathe- 
rine Bauer and/or Melvin Weber (city planning), Edward S. Deevey, Jr. 
(ecologist), A.B. Hollingshcad (sociologist), Erich Lindeoann (pre- 
ventive psychiatry), Richard llejcr (social planner, chemise), Rich- 
ard Poston (community planner, journalist), Nicholas Rashevsky (mathe- 
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ship, this group continued to meet for two three-day sessions each 
year for 12 years. After two years, the designation of the group 
vas changed to a committee to consider "Physical and Social Environ- 
nental Variables as Determinants of Mental Health", Because of the 
cunbersomeness of this designation, we soon acquired the appellation, 
"The Space Cadets", in recognition of the interdependence of social 
processes to the properties of the physical space within which they 
transpire. My association with the many leading minds which 
through this committee strongly influenced my continuing searc or 
the meaning of space for the life and survival of man. Were t no 
for this association with this wide scope of ideas in ferment, 
would have been unable to follow the relationship between physical ^ 
and conceptual space and envision the impact that the emerg ng e e 
tronic and compassionate revolutions will have on society. 


Every conceptual revolution brings with it new deman s ^ 
nunication, including adaptation of old forms to new circums a 
and development of new forms. The present time is part 
acute and unique in this connection. We are simultaneou y 
in four revolutions, because of the extreme .g 

intervals between conceptual revolutions. This ® ^ ^ 

aggravated by the fact that those parts of the ® ", 

layed in attaining earlier revolutions are now caug ^ ^ nearly 

cess of telescoping a formerly slower change. P . ^ nations 

Simultaneous embarking upon several revolutions. scientific- 

“ the forefront are still tying up the loose ends f " 

Wploitive revolution while they are preparing to ^ . emergence 

®;nication-electronic revolution. And. as is ^’^%f^^,"opulation 
all conceptual revolutions, a minority ^egmen , dominate 
a involved m grappling with the issues which ® ^tention to- 

Jard^^r* T -ts 

ranv compassionate-systems revolution, is P ^ path 

On It falls the additional burden of I into a 

- the transition of cessation of escape partici- 

challenging domain of evolution. No everyone must be- 

S ^ Present times of crisis; present. 

A developing the opportunities renting 

11 collection of functions and attitudes 


attention: 


^^^g^ ^rtina Function Til. 

focno"^^^ terminating scientific-exploitive r admmi- 

stra^ resources, has evolved ^ of institutions. 

^ecSir ^^P^'^tties for directing motor funct goals- ^ 

On th administrative functions subs blind. P®'' 

sensory side, institutions remain relatively ^ , 

Q. Stewart ^anthropologist) • 

Seeley (sociologist). Thomas Gladwin (antn 


ill 
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corporate adequate means for assembling and integrating knowledge 
relevant to how the actions of other institutions, or other sub- 
systems, affect their own performance and how their own function 
has effects permeating beyond the restricted conception of their 
mission. In particular, moat institutions lack accessibility to 
Information prerequisite to the evaluation and reorientation of 
their missions. Fulfilling the alerting function requires that the 
institution devote as much effort to this sensory function as to the 
more customary administrative motor functions. It is mpcrative 
that these two functions be kept distinct, though tightly linked. 

They must be performed by different individuals and different groups. 

2. The Appreciative Function* 

Given that an adequate functioning of the alerting system makes 
all necessary information available, there still remains the problem 
of its utility in reevaluating former goals or in producing new di- 
rections for the institution. Effecting this function requires a 
special group of individuals who serve as a linkage between the ap- 
preciative system and the administrative system. Members of this 
linking group within the institution also have the responsibility 
for developing directions and formulating evaluations. These evalua- 
tions relate both to impacts on the institution from outside of it 
and to impacts generated within it. Final decisions based on this 
information, which will govern the later activities of the Institu- 
tion, remain as an integral responsibility and prerogative of the ad- 
ministrative function. The number and complexity of concepts, as 
well as the volume of simpler forms of information required to devel- 
op these evaluations and directions, place excese>ive demands on cor- 
tical function. There already exists a need for techniques and tech- 
nologies which simulate brain function to meet the demands which 
should be placed on appreciative systems. 

3, The Dialogue Function* * 

Dialogue is the muted confrontation among parties seeking fuller 
awareness of common problems, resolution of value conflict or agree- 
ment upon principles and theory, I am reminded of the wild stray 
tomcat that adopted our house as his home. For some months he would 
accept handouts only after we had retired from where they were left. 
Perhaps he also sensed that I had not held cats in particular high 
regard. At first my slightest touching him elicited a swatting 
scratch or an attempted bite. Now, a year later, when I tease or 

* Original formulation of "appreciative system" by G. Vickers [36], 
related treatment of development of new images by K.E. Boulding [3 
p.l99] and J.B. Calhoun [12, p.SJ. * 

** J.B. Calhoun proposed this in the introductory remarks to the sym- 
posium, "The Dialogue of Change; Systems in Interaction" [13, p.9]. 

Since this symposium was held, the public information media in parti- 
cular have focused on the subject of dialogue with increasing frequency. 
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stroke him too vigorously, he slaps his paw with claws retracted 
against ny hand, or holds on to my fingers with his teeth without 
breaking the skin. How well we have resolved our differences, I am 
cot sure. I can only say that I now find it difficult to sit down 
icty favorite chair to read without a furry ball of fat landing in 
cy lap. 


Provocation of crises through violent confrontation may at 
thes be necessary to precipitate a more meaningful exchange between 
iadividuals or institutions. Social tradition and lack of designed 
relations have sufficiently separated them that they no longer can 
“tunicate about common interests. The need is to develop the muted 
confrontation of dialogue as soon as possible. However, present val- 
CM and institutional arrangements are Inadequate to make dialogue 
ective. Without more effective dialogue, we will encounter ex- 
tae difficulty in arriving at the compassionate-systems revolution 
passing through the transition to the next domain of evolution. 


Hovlng doTO Into the more individual level of function, commit- 
Hj beyond ourselves brings us to the full 


h conceptual space upon physical space. 

M ^ effective Laos of becoming committed to involv^ent 
realization of values and goals contributing 
^Itaent ®ociety and expansion of individual 
reauir^* - ""eceding identification wit 
conceptual space. Actions 
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6. Creativity 

I have already commented on the apparent dependence of creatxv- 
ity on an oscillation between periods of withdrawal from social pres- 
sures and the stresses of life and periods of reinvolvement with re- 
ality. This of course presupposes prior acquisition of a sufficient 
variety of knowledge and behaviors from which some meaningful reas- 
sembly may arise. Through such reorganizations having value for so- 
ciety, enlargements of conceptual space emerge. Beyond this, crea- 
tivity serves the dual function of being a sublimation or replacement 
for both aggression and the need to express biological generativity. 
Lorenz points out that the threat behavior of territorial defense in 
primates is accompanied by pilo-ereccion and rearing to full height 
with elbows outward and chin up [27, ch. 13], This stance in turn 
is accompanied by a feeling of exhilaration, of a shiver running 
down the back and arms. This exhilaration becomes compounded into 
what Lorenz terms "militant enthusiasm”, when many individuals si- 
multaneously engage in action providing this satisfaction to the ag- 
gressive drive. By Implication, the releasor for militant enthusiasm 
becomes any threat, any set of strange objects, altered circumstances, 
or a divergent set of values, Lorenz further notes that the presence 
of an opposing camp provides the most essential circumstance permit- 
ting satisfaction through release of militant enthusiasm. So we must 
Identify an "opposing camp" coward which there may be a legltitoate 
expression of militant enthusiasm. This camp is recognized as any 
conceptualization suspected of Inadequately enhancing experience or 
survival. This experience of exhilaration during aggressive defense 
of territory is essentially identical with the eureka experience of 
exultation classically described as accOTipanylng creative associa- 
tions. Thus, militant enthusiasm can find expression in creative 
effort. 

As already mentioned, Erlkson holds that curtailment of procre- 
ation can arise only when the generative need can be fulfilled by 
either involvement in the generative function of transferring one's 
values to others, or by engagement in the highest level of genera- 
tlvicy creating new values or Insights [21], These three functions 
of creativity give a high priority to increasing the number of per- 
sons capable of creative acts. 

7. The Psychedelic Trap 


Since nan emerged, increases in population have often swept far 
ahead of increases in conceptual space. These were times of crowding 
when no unsettled physical space remained and the needed conceptual 
space remained to be discovered. Peoples of all times and all places 
discovered the means of "turning on" and turning inward to a seeming 
replacement for the needed conceptual space. From Caapi in Brazil, 

CO karavl in Bombay, to Catha in Kenya [5,30], similar "mind-expand- 
ing" drugs from plants have been discovered. Each In its own way 
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leads to a transient feeling of having conquered the deficit of con- 
ceptual space, with hardly ever any meaningful creative association 
as an accompaniment. I use the word “meaningful*' here to imply 
"relevance for survival". Because of the nearness of Kenya to the 
original Eden of man, I would like to adapt the word "Catha to re- 
present the state of exhilaration resulting from the use of mind- 
expanding drugs. Spelling Catha as "katha" incorporates the sense 
of the Egyptian word "ka" for spirit. Thus, katha is the exhilara- 
tion of the transient impression of having enlarged conceptual space, 
la contrast, eureka, though a transient exhilaration also, accom- 
panies the creative act of contributing a unit of conceptual space 
to the evolving needs of man. Knowing katha is as easy as swallow- 
ing a cube of sugar. Knowing eureka often requires a difficult, 
frustrating, lonely, and usually time-consvcning journey. Which 
route one selects depends upon how concerned one is for man s u ure. 


PROMOTION [16] 

Once man mastered the problem of sheer physical 
turned his attention to developing therapies for correcting 
^Mch beset his body, mind and society. Focus on nceo- 

=«reness o£ the origins of pathology. This enlargment of 
Jual space resulted in new roles devoted to prevention. Lg-g-y, 
on of this new perspective reduced the effort , r 

fnventive activities extended to elimination « 

"’Stances producing environmental pollution. The c corrective 
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Inccent, 291-305,328 

«Se. 30,10-44,46,75-87,124, 
”5.141.150,205 
'•■•closure, 112,159 
Involuntary, 188-201,208 
j.,'vl>_nury. in 
'-scr-vatloa, sec Behavior 


Corpora lutea, 148-179 
albicantia, 156-179 
Courtship, 46,57-64,129 
Creativity, 349-384 
Crowding, see also Density 
107,133-144 , 149-179, 208-216 , 
313,318-325,331-384 
effect on doninance-territori- 
ality systems, 30,40-44,46,51, 
335-344 

in laboratory, 173,300 
in man, 143,193-201,208-216, 
252-55,261,283,300.384 
in institution, 191-201 
longterm, 133-144 
physiological phenomena, 133- 
144 

short term, 133 
stress, see there 
territorial, see Territory 
Culture. 2,63,179,247-255,261-66, 
274-79,366-385 
area, 357-366 
black and white, 247-255 
change, 277 

cross-cultural, 230,237-245, 
264-66 

informal, 250 
technical, 250,259-266 


awnsday*', 376-381 

ath, 15-17,136,154,193.338 
fensc, see Aggression, Flghc, 
3roup, Psychological, Torrl- 

naity, 46,90,93,115,249-255, 

261,267-279.285.313,323-25 
high, 134,210-216.229.-61.335 
"standing-room only , 

survival, ^140,267-279 
"syndresso", 1-9 
sign of 

apartment, 24^-55 _ 

environment, -09,-5 
39,302.322-28,335 
hospital, 116 

thinking prosthcscs. ^ ^ 

spcrslon, 

88,127, 130. :ti>-2'i 

anlnal, 23»v3 
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Dispersion 

forces, 22,355 
Koala bears, 49 
Distance, see Fight, Flight, 
Individual, Intergroup, 

Social, Species 
comfortable, 226 
critical, 63 
homesite, 353-366 
Diurnal rhythm, 

see also Rhythmicity 
species, 34 

Dominance, see also Hierarchy, 
Rank, 22-33,40-44,54,112,114, 
125,128,178.281-89,313,321, 

340 

hierarchy , 25-33,37, 40,46, 
201,282,340 
interspecific, 62 
psychological, 35,248-255, 
293-304 

time factor in, 23-33 
"Doomsday", 370-380 
Dopamine, see Catecholamines 
Drugs, 137 

and brain function, 5,384 
psychedelic, 384 
psychopharmacological, 7,139, 
174,205 
toxicity, 135 

Ecology(-lcal) , 49,52,149-179 
211,216,259,279,281.307,312, 
328,375 

conditions, 50-52,122 
niche, 126,307,377 
phenomenon, 37 
small group, 284-89,291-304 
truisms, 335 
values, 6 

Economy, 309-311,362 
EEC, ECG, 205 

Estrogen, see also Hormones, 
100,155-177 

progesterone balance, 163 
Ethology, 49,52,79,228,259-266, 
307,311 

human, 218,238,245 
Eureka (experience), 359,385 
Exogamy, 274 


Experimental universe, 331 
Eye 

blink, 228 

contact, 218-235,284,291 
flash, 238-245,264 
lens, 154 

Face(-ial) , 240-45 

expressions, 232,238-245,264- 
66,291 

reaction, 221-235 
Family, 32,97,270,313 
group, 64,269 
p lanning , 210-16 , 3 19 
size, 105,210-16 
unit, 131,279 
white and black structure, 
248-255 
Fantasy, 360 
Feeding 

conditions, 38,72,93-95,212, 
333-35 

Fertilization, 16 
Field theory, see Theory 
Fight, see also Aggression, Ter- 
ritory, 22-32,54,93,205,336 
defense, 23-27,134 
distance, 62 
Intraspecific, 106 
ritual, 37 
rival, 27 

Flight, 12,23,54,74,288 
distance, 62,125 
song, 96 

Flirting, 230,238-245,264 
Flock, 47,55-68,69-90,127,269 
Foetal development, 175 
Friendship, see also Affiliation 
25-33 

Gang, 252-55 
Gaze, 218-235,284 
avoidance, 220-235 
Geography, locational, 130 
Gene-flow(-drl£t) , 250,270-79, 
337 

Genovese affair, Kitty, 317 
Gestalt, 221-235 
Gestures, 16,218-266,283,291 
Goal, 10-16,218 
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Gonadotropins, 177 
Greeting, 230,238-45 
ritual, 264-65 
Gregarious, see Behavior 
Grooming, 57,64,244,337,369 
Grounds, see Area, Space 
Group 

competition, 275 
defense, 57,112 
discussion, 229 
dominant, 112,248-255 
family, 64,131 

human, 48,144,195,229,240-45, 
270-79 , 281-89 , 291-304,308 
laboratory, 27.292-304 
living, 25-33,55,122,196, 
204-06,248-255 ,267-279 ,348 
local, 270-79 

new formation, 74,129,275 
optimum size, 333,353-57 
persecution, 157 
scent, 44,51,58-62 
selection, 267-279 
sise, 75,174,177,204-06,333- 


status, 74 
stress, 115,139 
structure, 53-90,144 
etudles. 139,148-179,204-06, 
229.284-89 


subordinate, 112 
territory, 37,66.151,247-255 
toxicity, 139,174 
'•ork, 64 
Growth 


Inhibition, 134-140 

tate of, 135 


ane also Home, 36,40-4i 

”.148.208-216.308 
arid, 69 

J^aclty. 267-279 
hnsan, 375-385 
tequireaents, 2,51,272,335 
scai-arid 69 
apcctrua, 90 
tondra, 124 271 
“than, 324 


■ 

point, 14 


Handshake, 263 
Harem, 46 

Hierarchy, see also Dominance, 
Rank, 56,69,201,227,270,313, 
314,337,383 
absolute social, 25,27 
of values, 248 
orientation, 15 
path, 9 

relative social, 25 
system in camps, 196 
Home(-house), see also Territory, 
3,10,18-21,112,252,356 
ad hoc, 17 
Andaman hut, 30 
apartment, 210,247-255,333 
communal, 43,51 
conditions , 137,247-255 
first-order, 27 


for care, 191-201 
human, 64,247-255,275,283 
range, 35-37,54-59,117,122, 
124,177,308,353-57 
vestigial, 28 
Homeostasis, 135,268,315 


mechanisms, 138 
physiological, 149-178 
Hormone, see also Adrenal Gland, 
ACTH, Androgen, FSH, Gonadotro- 
pins, Estrogen, Reproduction, 
Steroid, Testis 
as social organizers, 56 


Implant, 100 

stress transfer to offspring. 


175 

threshold, 28 
Hospitalism, 30,195 
Hut, see Hone 
Hutterltes, 315,357 


Image 

capacity 
mental, 
mirror, 
motor, 3 
spatial. 
Imprinting 
Individual 


, 296 

1-5.15-20 

221 

2-5 

, 61,127 


choice, 309 
claim to area. 


30,2-5-255. 


298-304 
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Individual 

dcvclopaent, 379 
distance, 22-26,46-49,58,71, 
178,248,255,285 
narglnal, 248-255 
recognition, 114,141,317 
solitary, 25,55,341 
space, 122 
survival, 324 
Xndoleaalncs 

serotonin, 204-05 
5-HLU, 205 

Inheritance, see also Behavior, 
innate 

genetic, 259-266,271-79,308, 

313.348 

non-genet Ic, 213,259-266,271- 

79.308.311.328.348 
Inscitucion(-al) , 31,188-201, 

208,382 
folk, 251 
space, 281 

Institutionalization, 193,386 
Interaction, 23,56-67,118,125, 
131,344-350 

agonistic, 40-44,57,100,113, 
287,353 

failure, 344-350 

inter-ethnic, 247-255 

nuaber, 141 

ouCccscs, 350-53 

social, 112,204-06,217-235, 

240-45, 281-89, 291-304. 

344-353 

Interferon, 138 
Intergroup 

aggression, struggle, 74,113. 
275.359 
distance, 48 
relationship, 112 
Ipscfacc, 307 

Isolation, see also Schavior 
at meaning, 134 
cellular, 191 
experisenta, 176,239-245, 
293-304 

in contrast to crowding, 134 , 
204-Ct> 

living In, 141,176,214,293- 
304,313 


Jail, see Prison 
Juveniles, 37,46,56,73—80,118, 
178-79,252-55,276,342 

Katha, 385 
Kidney, 148 

disease, 140,156-177 
small size, 348 
Kiss, 264 

Laboratory, 28,50,173,205,335 
crowding, 150,173 
group, 27,292-304,333-349 
habitat, 267,331-344 
study of exploration in, 136 
study of territoriality in, 
113,292-304 

Language, 2,6,8.63,219,232,250, 
254 

active touch, 16 
growth from dialects, 274 
passive touch, 16 
Libido, depression of, 173 
Location. 117,125-130,320 
calls, 65,71-78 
change of, 10,136 
coordinates, 115,126 
Locomotion, see also Behavior, 
11-21,368 

MarU-lng), 9,304 
behavior, 232 
odor, 27,39,114,308 
self, 292-304 
tribal, 274 

Mating, Marriage, see also Breed- 
ing, Reproduction, 73,137,274 
control of, 270,313 
Mcnnonltcs, 315 
Mental 

disturbance or illness, 4,177, 

189-207,357 

health, 350 

hospitals, 116,144,188-201,227 
Inagcs, see there 
patients, Sec there 
Migration, 19,142,267,317 
two-way, 271 
urban, 213,311 
Monaaccry, 188-201 
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Monogaiiiy(-ous) , 93 
Mood, 10,71-81 

anxiety, 18,136,199,296,329, 

336 

depression, 136, 192-200,227 
fear, 18,23 
phase, 70-90 
Morphology, 56,262 
Mortality, 93-110,135,157-179, 
267-279,309,357 

Motor patterns, see also Behavior 
2,233,238-245,319 
Muslim, 213 

Mythematlcal game, 350-53 

Megro, 214,247-255 
Most{-lng), 55,73,80-90,308 
building capacity, 347 
colonial, 64,90 
site, 38,47,54-66,333,341 
sleeping, 31 
stick, 79 

bestllng process, 192-201 
Soaadlc 
hunters, 30 
hUsi 20,358 
species, 30 

“'epinephrine, see Catechola- 
Bines 


estrogen, see Estrogen 

Oifaction(-tory) 
construct, 258 

27,39,51,81,114 
'ccognltlcn, 44,51,58,114 
sense of, 26,265 

15,135,265,270 
8a animal, 177 
“'lentatlon 

59,217-245 

towS'"’ ^2-211-235 

OvulaM partner, 217-235 
“ulatlon rate, 148 

Paj!^^'^°l'’8y, 307 


Path 

habit, 3 
phases , 9-21 
trail, 38 
Patients 

geriatric, 18 

mental, 136,144,149,188-201, 
226-28 

Peckham Experiment, 216 
Peck-order, see also Dominance, 
Hierarchy, Rank, 2 
dominance, 54 
in chickens, 2,314 
Period 

critical, 4 
seasonal, 55 
Personal 
area, 57 
field, 55-67 
space, 125,178,282,336 
sphere, 54-67 

Photography, 115,136,230,238-245 
Pioneers and colonizers, 271-79, 


314,336 

*lay, see also Behavior 
ground, 249 
peer, 79 
room, 115 
theatre, 121 

■ollution, 210,216,283,385 
•opulatlon, 135,151,329-385 
control, 216 

d»:lty!■3^^40-44 46-32,92-110 
149-179 ,229 . 267-2”> 2“ .309.32 
experimental studies, 
growth, 50,209-216,267-279,336, 

uL cycle, 20-88.123.341 
mosaic pattern, 38,268,2 
Parsee, 213 
rural, 209-216.310 
stable or declining, 102.3/ 

888 R8 

subsidiary. 89-88 g.3ii 

---^ 59^^16 « ^^,33 

.X“r(-i-r92.98.267,344. 

348,356 
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Predator(-ion) 

and preyj 34,134,268 
bird, 156,163 
"live-m", 212 
potential, 62 
Pregnancy 

abortion, 270-79 
blocking of, 150 
embryo resorption, 163,348 
stress during, 175 
Prey, see also Predator, 16,35, 
134 

Primate 

hierarchy, 227 

non-human, 7,12,30,35,48,56, 
90,122,215-16,244,275,356 
social group, 132,275,356 
territory, 48 
Prison, 188-201,209,282 
Privacy, 254,286-89,293-304 
Progesterone, see also Hormones, 
163 

Promotioni see Behavior 
Psychological(-analyclc) , 199 
defense, 46-52,283 
defense mechanism, 4 
terms, 3,17,195,199,313 
Psychopharmacology, see Drugs, 
Central Nervous System 
Public 

area, 121,247,255,283-89 
housing, 247-255 
recreation areas, 283 
transportation, 255,262,322 

Radio-tracking , 117 , 124 
Rank, see also Dominance, Hier- 
archy 

behavior, 114,140 
in band, 131 
in cats, 27 

order, 22-33, 40-52,134,142 
social and location, 40-44, 
56-68,201,268,283,313,343 
Reality testing, 3 
Reproduction(-ive) , see also 
Breeding, Behavior, Sexual 

behavior, 44,73-88,92-111,139. 

156-179,333-365 

core, 75 


Reproduction 

hormones and, 56 
mood, 73 
phase, 56,78 

radiation (ionizing) , 119 
race, 135 
season, 28,131 

social systems and, 56,267-279 
status, 35 

success , 93—110 , 122 , 268 
suppression, 44,150-177,209- 
216,342 

Rheostasis, 11 
Rheotropism, 11 
Rhythm 

activity, 36,119 
circadian, 23,136-137 
internal, 83 
Rhythmiclty, 23 
Role, 56,194,276,317,359-385 
Romer’s Rule, 358 
Rural, 209-216,247,273,358 
ecosystem, 308 

Scent, see also Olfaction, 15, 
57,135 

gland, 114,157 
mark, 39,308 

Schizophrenia, 176,189-201,229, 
308,318 
Sea8on(-al) 

breeding, see there 
caste, 56,131 
migratory, 55 
Self-disclosure, 291-304 
Serotonin, see Indoleamlnes 
Sexual, see Behavior 
Shoal, schooling, 58-60,131,211, 
269 

Signal, 81,217-235,238-245,262- 
65,270 
innate, 224 
Slum, 251-55,317 
Smell, see Olfaction 
Smile, 224-25,238-245,262-66 
Social 

behavior, 2,7,53-67,83,112,122 
142,216-245,262-66,267-279, 
329-385 
class, 97-102 
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competition , 210-15 , 227 , 269 , 
318,341 

display, 46-52,211,264,286,270 
distance, 58-68,125 
force field, 55 
interaction, see there 
invention, 324 
labor, 55 

need characteristics, 293 
obligate, 90 

organization or structure, 38, 
46-52,55.130.135.U0.215.247- 
255,262-279.282,313,340-385 
penetration process, 291-304 
persecution, 157 
phase, 55-67,70-90 
psychology, 200,218 
rank, see there 
KJusal, 264 

^^agulation of space, 81 
status (animal), 23-33,49,74, 
154-179 , 247-255,267-279, 
282-89.314,343 
strife, 93,142,212 

^^■^^>® 2 -‘ 255 , 212 , 248 , 
velocity, 344-353 

2,17,216,274-79,282, 
313-17,329-385 
rejection by, 193 
space requirements, 270-79 
Solitary, see Behavior 
solluert, 226 

Area, Time, 1-4, 
ar^i? °>^^^> 325 , 219,252 
Ce-. ecturai, see also archi- 

265,329,358-385 

£a.ss„“hr'“-“- 

®*perience, 1-5 
filler. 9 

0 ^ 0 ?’ ^^>33,351 
9-21 

tetporatlon of, 2,329-385 


Space 

in man, 63,121,130,188-201, 
247-255,265,270-79,281-89, 

291- 304,320,330 
inner, 7 

living, 9,58-68,125,148-179, 
247-255 

minimum, 122,336 
organization, 7,53-81,257, 
267-279,282 
outer, 7,380 
perception, 1-3 
personal, see there 
phenomena, 53-67 
physical, 4,54,209,281,328, 
329-385 

physiological, 341 

regulation, 92 - 110 > 247-255 

restriction, 179 

social , 22-33 , 149-179 , 247-255 1 

281-89,341 

unfamiliar, 317 

use of, 201 , 267-279 |284-89 » 

292- 304,320,333-385 
vectors, 60 

Speech, see also Language 
disorder, 254 
local, 274 
Species 

contact, 58 
cultural, 367-385 
distance, 58 
distribution, 125 


dominant, 62 
gregarious, see 


also Behavior, 


53,70 

interspersing, 
solitary, see 


70,273 

also Behavior, 


erricorial, 22-52, 70, 1'iO 
rm, 156-168 .-q 

«otypyC-ed), 87.195.239 

reams, 199 
eneral, 4 

pinion, 115 15 ^- 

roid hormones, 114, 1J5, 
79.205-206 

□uli, see also Audltor>, 

“ T-irPllc. Visual 

actory, 

ddltion of, 136, *-8 
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Stimuli 

as signs, 217-235,262 
chemi-cal, 133 

effects on behavior, 15,54-67, 
75,133,195,295 
lack of. emotional, 195 
releasing, 224,239 
social, 204-06,217-245,262 
Stress, 115,135-144,175,212-16, 
338-348 

born under, 171 
chronic, 139,215 
crowding, 135-144,316 
hormonal transfer, 175 
subjective, 293-304 
Survival 

and density, 92,140,157-179 
by eitigration, 142,357 
group, 2,315 
human, 142,329-385 
of the meek, 358 
Systems research, 325-28,374 

Tactile 

attribute, 258 
signal, 15,82 
transmission, 81 
Tax, seigniorage, 310 
Taste, 265 
Telemetry, 117-19 
Terraitaria, 308 

Territory(-xal) , 2,15,36,93,125- 
28,201 , 212 , 260-65 , 267-279,308, 
313,336,384 

behavior, 20,25-33,36,38,46-52, 

57 ,7 4 ,92-115 , 140 , 151- 17 9 , 281- 

89,293-304,329-385 

boundary, 88,96,114,247-255,331 

crowding, 129,150,212 

defense, 4,23-27,36-44,57,112, 

281-89,320,385 

engrams , 20 
gangs, 252 

human, 48,64,116,201,247-255, 
276,281-89 

imperative, 48,50,384 

in rabbit, 150 

interspecific, 62 

invasion, 287—89 

markings, 44,51,113,154-169,288 


Territory 

ownership, 23-33,41,96-102 
parental, 17 
primate, 48 
relative nature of , 27 
size, 95,122 
species, 22-52,87 
system, 54,87 
Testis, 78,139,144-179 
Testosterone, 114 
Theory 

approach-withdrawal, 60-64 , 127 
central place, 362 
field, 126 

general systems, 374 
information, 126 
monetary, 309-311 
space-time, 126 
Thymus gland, 135 
Time 

and space, 1-4,25,50.115,125, 
219,252 

experience, 3-6,10 
factor in dominance, 25 
organization, 55-67,219 
Sztlardian, 375-380 
Tolerance 

inter-group, 86 
inter-lndivldual , 88 
Tonga, 130 

Tradition, 49,270-79,309,328, 
357,372-77 

Trail, see Path 
Trapping, 70,80,124 
removal, 34 

Tribe(-al), 130,238-245,261-65, 
276,309,377 
marking, 274 

Umwelc, 126,308 
Urban 

civilization, 213 
ecosystem, 308 
habitation, 209-216,247-255, 
257-266,317,324 
migration, 319 
population, 121,318-325 
renewal, 247,250,259,321 
space, 121 



INDEX 


411 


Vertebrate 

behavior t 2,12,23, 117 , 211 
lower, 211 
Vision (-ual) 

aesthetics, 258 

behavioral functions, 24, 46, 50, 

81,218-235,284 

construct, 258 

perception, 3,27,124,218-235 
recognition, 44,46,222-235 
stimuli, 136,224-235,270 
Vocalization, 124,229 

Wanderlust, 275 
Wealth, 310 
Weapon, 16 

Withdrawal, 126,143,298,333-350 
and creativity, 349,358 

"Xawn, meaning of, 12,261 

Zoological gardens, 62,201 
Zoomorphiso, 312 
Zugunruhe, 89 



